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Peptide Copper Complexes 


staking difference between the salts of amino-acids on the one 
hand, and the salts of peptides and peptones on the other As 
stated m the previous paper, "the coppfer salts of the ammo- 
acids m aUcalme solutions, ( contrary to statements 

m scientific literature,) particularly on wannmg or on boilmg, 
precipitate copper as the hydroxide, quantitatively Peptides 
and peptones, on the other hand, give very little or no hydroxide 
under the same conditions ” 

The explanation of this important difference may possibly be 
due to one or more of the following reasons (1) A marked differ- 
ence in the constitution of these salts, (2) A change of constitution 
brought about by the excess alkah, (3) A change m the form or 
condition of the copper due to the presence of the protein-like sub- 
stances, e g , “colloidal copper 

The fact that peptides do not form copper salts stactly m accord- 
ance with the number of free carboxyl groups,® as do most of the 
ammo-acids, favors the theory of a difference in the constitution 
as the cause of their abnormal behavior on treatment with excess 
alkah The fact that most copper salts of peptides and peptones 
change color on treatment with alkah, givmg the so-called “biuret 
color," indicates that a change of structure in these peptides takes 
place on adding excess alkah The fact that a similar phenomenon 
descnbed by Paal and Leuze^ was explained as a "colloidal pro 
cess" gives a certam degree of plausibihty to the third reason 
As ivill be seen, the data given m the latter part of this paper sup- 
port the first two explanations, while not many facts support the 
third ® 

As Leuchs,® conjunctively with Manasse and La Forge, has con- 
siderable expenmental basis for considenng that carbethoxyl- 
glycyl-glycme ester and alhed compounds have two forms, the 
lactim and the lactam, we beheved at first that the lactim form 
was the chief cause for the copper not precipitating m alkahne 
solutions, behaving in this respect like other hydroxy-acids, such 

‘ Paal and Leuze Ber d deutsch chem Gesellsch , xxxix, p 1545 

‘ Fischer Untersuchungen Uber Amtno-sSuren, Polypeptide und Pro- 
teine 1906, p 50 

’’ Loc cit 

• Copper salts in weak alkaline solutions dialyze, but when the alkali 
IS strong, they combine mth the membrane and cause difficulties 

’ Ber d deutsch chem Gesellsch , \1, p 3235, \li, p 2586 
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THE COPPER COMPLEXES OF AMINO-ACIDS, 
PEPTIDES AND PEPTONES* 


unsT PArrn 

lU P A KOREll AND K SUGIURi. 

(from the Ilarnman Itf^cnrch Laboratory, liooscicU f/ospi/n!, Ncio i orK 

Cttt/ ) 

(Permed for pubhcntion, AurusI S, 1912 ) 

INTRODUCTION 

Tint proteins nul their constituents combine with heavy metals 
to form "complexes” has been known for some time Among 
these copper has received the most attention and considerable 
■work has been done on the copper complexes of amino-acids they 
have been isolated,- annljred and studied by chemical and physi- 
cal methods On the other hand the complexes of peptides and 
peptones have rcccned onij a superficial and qualitative study 
This IS not due to the unimportance of peptide copper salts, for 
the bcha^aor of peptide and peptone copper salts on treatment 
nitli an excess of alkali has been and is jet the most reliable test 
knorni for protcin-hkc substances The real reason for this lack 
of investigation is, vathout doubt, due first to the difficulty of ob- 
taining peptides and peptones pure, and second to the fact that 
the copper salts of these substances are not easily crj'stallized 
It IS our belief that a quantitative study of these copper salts'* mil 
throw some light on the constitution of proteins and it is therefore 
our intention to continue from time to time our efforts in this field 

In a previous prellmlnar^ communication'* one of us showed a 

* Read before the Section on Organic Chcmistrj, International Con- 
gicss of Applied Chemistrj Xen Aork, Sept , 1912 

* Lej Zcxlsehr / Lleclrochem , \i, p 954, Schiff Ann d Chem , xliii, 
p 123, Bruin Chexn Zcntralblalt p 824, 1904, Ley and Krafft Bex d 
dctihch chem Gcscllsch n 1, p 097, 1907, Tischcr Uxitersuchungen tlbei 

lmino-5(Si<rcn, Pohjpejittdc xind Proleine, 1906 

’The term copper salt, used here and throughout the paper, has rcfei- 
ence to a true salt, i c , the product of the action of amino-acids and pro- 
tcm-like substances in general on cupric hydro'udc, oMde or carbonate 

* Kober this Journal, \, p 9, 1911 
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staking difference between the salts of amino-acids on the one 
hand, and the salts of peptides and peptones on the other As 
stated m the previous paper, “the coppfer salts of the ammo- 
acids m alkaline solutions, ( contrary to statements 

m scientific literature,) particularly on wannmg or on boilmg, 
precipitate copper as the hydroxide, quantitatively Peptides 
and peptones, on the other hand, give very little or no hydroxide 
under the same conditions ” 

The explanation of this important difference may possibly be 
due to one or more of the following reasons (1) A marked differ- 
ence in the constitution of these salts, (2) A change of constitution 
brought about by the excess alkah, (3) A change m the form or 
condition of the copper due to the presence of the protein-like sub- 
stances, e g , “colloidal copper 

The fact that peptides do not form copper salts stactly in accord- 
ance with the number of free carboxyl groups,® as do most of the 
ammo-acids, favors the theory of a difference in the constitution 
as the cause of their abnormal behavior on treatment with excess 
alkah The fact that most copper salts of peptides and peptones 
change color on treatment with alkah, givmg the so-called “biuret 
color,” indicates that a change of structure in these peptides takes 
place on adding excess alkah The fact that a similar phenomenon 
descnbed by Paal and Leuze’' was explained as a “colloidal pro 
cess” gives a certam degree of plausibihty to the third reason 
As -will be seen, the data given m the latter part of this paper sup- 
port the first two explanations, while not many facts support the 
third * 

As Leuchs,® conjunctively with Manasse and La Forge, has con- 
siderable expenmental basis for considenng that carbethoxyl- 
glycyl-glycme ester and alhed compounds have two forms, the 
lactim and the lactam, we beheved at first that the lactim form 
was the chief cause for the copper not precipitating m alkahne 
solutions, behaving in this respect like other hydroxy-acids, such 

‘ Paal and Leuze Ber d deutsch chem Oesellsch , xxxix, p 1545 

‘ Fischer Untersuchungen aber Aimno-sSuren, Polypeptide und Pro- 
teine 1906, p 50 

^ hoc cit 

• Copper salts in weak alkaline solutions dialyze, but when the alkali 
IS strong, they combine mth the membrane and cause difficulties 

’ Ber d deutsch chem Gesellsch , \1, p 3235, \li, p 2586 
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ns Inctic, Inrtnnc, etc , but owing to the lack of spectrogrnphic 
dntn wc cannot sny whctlier this really plays a part or not 
As part of our results arc at variance with some obtained pre- 
■\nouslj bj other in\asfigators, our technique and results avill be 
described and discussed before data are w'cighed in support of 
anj’ thcorj' 

TECHNIQUE 

Fischer,*" Abderhalden,** and others prepared the copper salts 
of amino-acids, peptides and peptones by boiling with cupnc 
oxide We found that thej' w ere formed best at a low temperature, 
ivith cupric hj droxidc, preferabb'^ in an ice mixture Since some 
heat of neutralization makes the process an exothermal one, it is 
not unexpected that the reaction wall be complete at a low temper- 
ature A further objection to boiling lies in the fact that a few 
of these salts ha\ e a slight tendenej*^ to hydrolyze Where a reac- 
tion can be brought about at a freezing temperature the danger 
of decomposing unstable peptides is obviously reduced to a mmi- 
mum 

The form of the copper hydroxide is verj' important as on stand- 
ing it is dehydrated wnth the formation of cupnc oxide That 
cupric oxide is slow cr m its reaction with these peptides can readily 
be seen from the constitution of the copper salts “ 

The best conditions for forming these copper salts quantitatively 
are as follows 

a For soluble substances 

Tot c\crj 0 1 gram of amino-acid or peptide 5 cc of 6 per cent cupnc 
chlondo solution are diluted to 150 or 200 cc wath ice-cold distilled water 
and neutralized with alkali This can be done most suitably by miMng 
100 grams of fine ice with 5 cc of 5 per cent cupric chlonde solution and 100 
cc of distilled water and neutralizing with j alkali, using phenolphthalem 
as an indicator The neutralized mixture is then filtered, the ice being 
placed on tlie filter also in order to keep the precipitated cupric hydroxide 
cool The hj droxide is washed once or twace with cold distilled water on 
the filter paper, removed with the ice to the cooled 10-20 cc solution of the 
amino-acid or peptide and stirred for from five to ten minutes 

On filtenng oft the excess cupnc hydroxide and washing thoroughly, the 
solution Will contain the copper salts of all the substances As a rule, 
the solutions require boiling, to decompose the very appreciable amount 

Fischer loc cit 

Abderhalden Der d deutsch chem Gcsellsch , xxxx, p 2746 
” Atner Chem Journ , Nov , 1912 
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of carbammo salts that are formed with COj of the air, and this ma) be 
done before filtering To ascertain the amount of copper hydroxide dis- 
solved, the copper salt may be titrated directly (with 0 04 n Na SiOi) bi 
adding 5-10 cc of glacial acetic acid and 2-4 grams Kl The amount of 
carbammo salts formed is increased by the presence of sodium chlonde 
whereas alcohol, on the contrary, hinders their formation 

6 For tnsoluble substances vnlh shghtly soluble copper salts 

If the ammo-acid or peptide is insoluble, 10-20 cc of ammonia art 
added to the sample and it is stirred until dissolved If necessan the 
mixture may be heated to hasten solution After cooling the solution in 
an ice mixture, cold cupnc hydroxide, made as above, is added and stirred 
for from five to ten minutes, 150 cc of water are then added and the solu- 
tion filtered after thorough shaking The precipitate is washed well with 
hot water and the filtrate and wash waters are concentrated The amount 
of copper hydroxide dissolved may be titrated lodunetncally m the usual 
way Controls on this method, using copper hydroxide and 20 cc of 
ammoma, gave onlj 0 0003 to 0 0005 gram of copper oxide m the filtrate 

c For tnsoluble substances vnih quite insoluble copper salts 

Where the copper salt crystallizes out and is filtered off with the excess 
copper hydroxide, it is necessary to separate the two precipitates 

Verj satisfactory reagents for this purpose are the bicarbonates of 
sodium and potassium Using 10 and 20 per cent solutions of KHCO» we 
have obtained the results given below on leucine, tij^itophane, cxstine, 
amino-n-caproic acid and phenylglycine 

The ammo substance is treated as in b, but the excess copper hj droxide, 
mixed with the insoluble copper salt, is then treated with 20 cc of 20 per 
cent KHCOj and washed with small lots of 10 per cent ICHCO» until the 
filtrate shows only traces of copper To determine directlj the amount 
of copper hydroxide dissolved, the final residue of copper salt is then trans- 
ferred wuth the filter paper to the first filtrate and after being dissohod in 
dilute hydrochloric” acid is titrated as before 

On page 13 under experimental notes we give a few experiments 
on the solubility of these “insoluble” copper salts in vanous con- 
centrations of potassium bicarbonate In the near future we hope 
to give the details of more experiments along these lines, especially 
on the determmation of amino-acids in the presenceof polypeptides 

Btnhng dtreclly with copper hydroxide or oxide mil result without 
doubt in (he incomplete formation of copper salts, this fact helps 
to explain the unexpected results obtained by Abderhalden and 
Hirsch on d-alanyl-Z-leucyl-isoleucme and its glycyl denvatives 
(see page 7) 

” As large amounts of potassium acetate retard the lodimetnc titrations 
of copper, we neutralize with pure HCl 
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bUMMAIl\ 01 DATA 

Avnno-firid copper sails 

The results with our technique on a nniino-'icicls confirm the 
'iinhscs imcic bj previous invcstigTtors of isolated copper salts, 
winch ha\e without exception the general formula CuA», w’hcre 
\ represents one molecule of monobasic a-amino-acid 
\ few examples w ill suffice 
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0 000-1 
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If more than 0 I gram tryptophane la used method c must be added to this technique 


acid salts such as hydrochlorides nitrates* etc are neutralized with alkalh using 
phcnolphtlmleln ns on Ihdlcator before treating with copper h> droxldo as la method a 
♦Our thanks are due to Dr Leveno of the Rockefeller Institute for furnishing us with 
1 oleuclne orelntno and lysine 

SHlatldlnc forms a complex salt ns do the other monobasic amlno'^clds and on treatment 
with excess alkali changes Its color but little Ofily on boiling the color changes towards a 
biuret It la not a clear color but smoky and makes the solution look very dark Character 
I«tlc is the deep red color to which the alkaline solution turns on the addition of acid We 
expect to make this a basis for the colorlmotrlo qualitative and quantitative estimation of 
histidine 
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With other amino-acids, whose NHj group is m the /S-position, 
Fischer found the formula to be CuAj, where A is monobasic amino- 
acid, except (as m the case of isosenne) when an oxy group is in the 
a-position, where the formula is CuA 
We have obtained the same results with isosenne, using the 
techmque o 
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Accordmg to Fischer, “ when the ammo group is m the y-, 6-, or 
e-position (regardless of an hydroxy group in the a position) no 
copper salts are formed 

Our results confirm the previous figures on dibasic salts having 
a general formula CuA, where A is a aibasic acid, such as aspartic, 
glutamimc, cystimc, etc 
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•Before boiling the solutions of copper galta are diluted to 150 cc with water 


n Made accordmg to Fischer’s directions from epichlorhydnn Ber d 
deutsch chem Gesellsch , xxxv, p 3787 

E Fischer and L Zemplen Ber d deutsch chem Gesellsch , xlii, p 
4883, 1909 
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Polypcpltdc coppa •iaUi 

0»it of n hundred or more polypeptides, Fischer, Abderhalden 
and their coll iborators h ivc nn dyred only about eight of the poly- 
peptide copper salt'', and these, yith three exceptions (nos VI, 
and VIII) were in'-olublc ind crj'stilhzcd out In such cases 
there can be no doubt is to the puntyof the product and the results 
are confirmed bj our work on the more soluble copper peptides 
These cases arc as follows 

I (Lcuc\ 1-gh cine coppcr);0 + 1120^° or (C8Hi603N2Cu)2 
0 4- H.O 

Fischer concluded that one molecule of copper hydroxide com- 
bined wath one molecule of leucjd-gljmine and that tw'o molecules 
of the copper-lciicj 1-glycinc arc connected by an oxygen atom 
Although we have found one molecule of copper hydroxide to one 
of Icucyl-glycmc, we do not believe that an oxygen atom connects 
two molecules of copper-lcucyl-glj'cmc We have determined the 
molecular weight of this salt bj the cryroscopic method, and find 
it to have a molecular w eight consistent wath the formula leucyl- 
glycine-Cu, 

II (Phenyl-glycinc-glycme)icopper,*' CioHtoNoOsCu 
in (f-Leucyl-f-histidine)iCopper,*® Ci2Hi803N4Cu 
IV (Alanyl-l-trj’ptophanc)iCopper,‘s CuHjbNsOsCu 
V (Z-Prolyl-l-phenyl alanine), copper,"" 

CnHicN.O^Cu + 3IH2O 

"ST (d-AlanyW-lcucyl-isoleucine)2Copper,=‘ (Ci5H2704N3)2Cu 
Vn (Glycyl-d-alanyl-Heucyl-i6oleucme)2Copper,=’ 

(peptide) 2 Cu 

Vm (Tn-glycyl-glycine)2Copper,*^ (tetrapeptide)2Cu 

Out of the large number of peptide copper salts examined by 
Fischer, Abderhalden and ourselves, the last three form an appar- 
ent exception to the rule There are good reasons to beheve that 

'* Pischcr Ann d Chan , cccxl, p 145 

” PiBchcr tbid , p 195 

** Fischer and L H Cone ibid , ccclxiu, p 107 

*’ Abderhalden and M Kerape Ber d deutsch chem Gesellsch , \1, 
p 2737 

Fischer ibid , xlu, p 4752 

” Abderhalden and Hirsch ibid , \hii, p 2439 

” Ibid 

” CurtiuB ibid , xxxvii, p 1294 
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the formulas given for VI, VII and VIII do not represent true 
copper salts, as the methods used m each case are no guarantee of 
the complete formation of the salts 

Using the techmque descnbed above, we have formed the copper 
salts of the following peptides, and have found the results to be 
consistent with the formula, (peptide), iCu] 
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SUBSTANCE 

1 

< 

m 

U, \ 

o , 

X ’ 

2 1 

k 

5 " 
do k 

25 1 

qCc 

050 7 

51 ^ 

a 

k 2 *^ 0 
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1 1 

M 0 , 

go? 

Sog 

1 Og 

1 o| 
2 ° 





0 




p 

0 

H 


{frame 

(frame 1 

1 

{frame 

grama 

grams 

per cent 

Glycyl-glycine 

0 

1123 

0 0536 ' 

0 

0070 

0 

0606 

0 0616 

98 4 

Glycj 1-alamne 

0 

1006 

0 0501 1 

0 

0049 

0 

0550 

0 0548 

100 4 

Glycyl-d-alanine 

Glycj l-aminobutj nc 

0 

1011 

0 0524 \ 

1 

1 

0 

0006 

1 

0 

0530 

0 0550 

96 5 

acid 

0 

1007 

0 0437 ' 

0 

0030 

0 

0407 

0 0500 

93 4 

Glycyl-valine 

0 

1012 

0 0400 j 

0 

0062 

0 

0462 

0 0462 

100 0 

Glycyl-d-\ aline 

0 

1015 

0 0390 i 

0 

0059 

0 

0449 

0 0464 

96 8 

Glycyl-leucine 

!o 

1005 

0l0380 

0 

0022 

0 

0402 

0 0425 

94 0 

Glycyl-/-leucine 
Glycyl-araino - n-c p- 

0 

1 

ioog; 

0 03/0 ' 

1 0 

0036 

0 

0406 

0 0425 

95 5 

roic acid 

0 

0963' 

0 0377 

0 

0014 

0 

0391 

0 0407 

96 1 

Glycyl-asparagine 

0 

1028 

0 0397 

0 

0031 

0 

0428 

0 0433 

98 8 

Glycyl-phenj Iglj cine 

0 

1021 , 

0 0355 

0 

0030 

0 

0385 

0 0390 

98 7 

Glycjl-d-phenylgh cineO 

1022 > 

0 0358 ■ 

0 

0010 

0 

0368 

0 0391 

94 1 

Glycyl-tyrosine 

0 

0545 

0 0142 ! 

0 

0043 

0 

0185 

0 0181 

102 2 

Glycj 1-trj ptophane 

0 

1010 

0 0257 

0 

0010 

0 

0267 

0 0310 

86 1 

Alanyl-glycine 

0 

1007 

0 0516 

0 

0032 

0 

0548 

0 0548 

100 0 

1-Alanjl-gljcine 

0 

1005 

0 0496 

0 

0054 

0 

0550 

0 0547 

100 5 

d-Alanyl-d-dlaninc 

0 

1001 

0 0465 

1 0 

0041 

0 

0506 

0 0497 

101 8 

Ammobuteryl-glj cine 

0 

1010 

0 0467 , 

0 

0045 

0 

0512 

0 0502 

102 0 

Valyl-glycine 

0 

1005 

0 0410 

0 

0059 

0 

0469 

0 0459 

102 2 

Leucyl-glycine 

0 

0901 

0 0344 

0 

0041 

0 

0385 

0 0381 1 

101 0 

Leucyl-leucine 

0 

1006 

0 0288 i 

0 

0014 

0 

0302 

0 0328 1 

92 1 

i-Leucj 1 -d-leucine 

0 

1004 

0 0266 

0 

0021 

0 

0287 

0 0327 1 

87 8 

d-Leucj 1-Weucme 

0 

1011 

0 0268 ; 

0 

0003 

1 0 

0271 

0 0330 

82 1 

d-Leucyl-d-leucine 
Amino-n-caprcfic - gl j - 

0 

1007 

0 0294 

0 

0013 

1 0 

3007 

0 0328 1 

1 

1 

93 6 

96 S 

cine 

0 

0664 

0 0257 

0 

0015 


0272 

0 0281 

Leucyl-asparagine 

0 

1004' 

0 0205 

0 

0010 

0 

0215 

0 0326 1 

66 0 
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Tnjirfilirici 


Kun'TAScr 


Gh c^ l-ph cj I-ch cinp 
Gh c\ l-ph c\ I-ilnninc 
Gh c\ 1-gh CA 1 - nminobut ^ ric 
■jcid 

Gh CJ l-glj c^ l-\ lime 
Gh CAl-ph cjl-lcucmc 
Gl^ c\ 1-glj c\ 1-Meucinc 
Gh c^ l-d-iHnj l-d-'ilnmnc 
Glj c\ 1-lcucj 1-gl j cine 
■VI wj 1-gh c\ 1-glj cmc 
(i Al'm\ 1-gh CJ 1-gh cine 
Vl'm\ l-lcuc\ 1-glj cmc 
Vmmo-buter\ 1-gI j cj 1-gh cinOi 
Vah 1-glj cj l-glj cmc 
Lcuc^ 1-glj cj 1-gl J cmc 
/-Leuc^ 1-gh CJ 1-gh cmc 
1-Lcucj 1-gh CJ 1-d-alanmc 
l«uc\ 1-alanj 1-gl j cmc 
Leucjl-alanjl-alamnc 
Z-Leucj l-<f-alanj l-d-ainnmc 
Vmmo-n-caproi 1-gIj c^ 1- 
gl J cmc 



I I 

gramt I {fromt j pramt I pronia i pramj» 

0 1003;0 03700 oooo'o 037 g1o 0422' 

b 


H a 
K p 


M M 

ft 


sO « 

O B ~ 

do ? 




d w 
C 2 

J' < 

“Sg ■ 

^ e H 
O u M 1 

B &• 

O 


c a 

U. H 
P. U 


op 


10210 035c'o 00«'o 042o!o 0400, 


po'cmt 

S7 7 
89 0 


vercent 

89 1 
105 0 


p 101ljQ.03S20 OOOGO 0388 0 037l| 
b 05100 0155'o 00050 OICOO 0178 
b lOlo'o 02790 OO-lvb 0323 0 03281 
b 10200 02870 0024b 0311 0 0331 
b 053o'o 0144 0 00010 0145 0 01921 
b 1013 0 02930 0004 0 0297 0 0329' 
b 09S7b 0254b 003lb 0285 0 0387 
b 04920 OlCSjo 00140 01820 0193! 
b 10120 02740 0037 0 03110 0311 


jo 10110 03500 00280 037Sj0 0371 
0 1023 0 0288 0 0027jo 03150 0352 
0 1013 0 02830 0057 0 0340 0 0329 
0 lOllb 0284 0 0043 0 03270 0328 
0 0509,0 OlClb OOOSp 0109 0 0175 
0 10020 0289 0 0040 0 0329 0 0308 
0 1017,0 0272 0 00500 0322 0 0290 

0 10140 02020 0033b 0295 0 0295: 
I j I 

0 1003!0 0304 0 0035 0 0339b 0325! 


103 0 

87 1 
80 4 

80 7 
75 0 

88 5 
05 6 

87 0 

88 1 
94 3 

81 8 
80 1 
80 0 

92 0 

93 8 
91 9 
88 8 

93 5 


104 6 

89 9 

98 5 
94 0 
75 5 

90 3 
73 C 
94 

ilOO 

101 

89 
103 

99 

90 0 
100 8 
llOS 8 
100 0 


104 3 


‘ The majontj of the peptides used m this studj^ ivere prepared or 
collected bj the late Dr Arthur H Koclker A small number (four dipep- 
fides and three tnpeptidcs) were maac according to Fischer’s directions, 
b\ Dr H Hager and ourselves, in this laboratory Glj cyl-tryptophane 
uas obtained in verj pure crjstallinc form through the kindness of Kalle 
and Co 
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Peptide Copper Complexes 


Telrapeptxdes 


SUBSTANCE 

a 

■4 

§ 

(Q 

h 

o 

B 

O 

n 

^ > s 
£8^ 

^SOo 

o 

i 5? 0 

^ 5 
a8-i 

8 20 
ft. o o 

O 

D P 

o 

o 

6 

H 

O 

H 

THEOBETICAL W B I 0 H T 
CuO CALCULATED FOR 
THIS SAMPLE 

tt » 

» 

B H 

£ o 

2 H 

Eg 

fc S 

i " 

^ cs 
(c o 
^ u 

B 

O ^ 
o b. 
Oo 

-tW 

H 


Qrama 

grams 

grams 

grams 

grams 

per esnt 

percent 

Alanyl-diglycyl-glycine 

Aminobuteryl-diglycyl-glyc- 

■ 

m 

H 


0 0308 

86 7 


me 


0 0260 

BlBsH 



85 2 


Leucyl-diglycyl-glycine* 

n-Amino-caproyl-diglycyl- 




0 0265 



glycine 



0 0207 

■ 

75 4 

77 2 


* Filtered without boiling to decomposa carbamlno salta 


Using our same techmque it was of interest to see the amount of 
copper hydroxide dissolved by peptones 


Peptones, etc 


SUBSTANCE 

s 
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S I 

b. 

o 
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Sw W 
^ 

O b, 

*S(So 
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£!o^; 
w S5Q 

H mH I 

« OH 
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S;-=W£ 

^ -O B 

O o 

D n 

Q 

A •J 

< < 

B" 

o 3 

II 

•< P 

3 g 

p g - 

tj ;<0 
^ B C5 

gSo 
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“ Roche” peptone 

(iToms 

0 1110 

dram* 

0 0302 

grams 

0 0173 

1 186 

“Ereptone” 

0 1005 

0 0064 

' 0 0133 

1 406 

"Merck” peptone 

0 1020 

0 0044 

0 0002 

1765 

“Witte’s” peptone 

0 1025 

0 0041 

0 0000 

1990 

“Witte’s” peptone 

0 1046 

0 0042 

0 0000 

1982 


•This calculation Is based on the assumption that one molecule of peptone as in the case of 
the peptides combined with only one molecule of copper hydroxide 


The results on the peptides show unmistakably that one molecule 
of peptide, whatever number of ammo-acids it may contain, com- 
bines with only one molecule of copper hydroxide This interest- 
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ing fact wall no doubt give us an easy method of determining the 
molecular ■weights of peptides, provided the copper salts can be 
separated from the excess copper hydroxide 

The questions that remain to be solved, namely, how are these 
copper salts formed and vliat is their structure, ivill be taken up 
in a separate paper,*^ in conjunction mth the biuret configuration 

SUMMARl 

1 We hax e dc\ eloped a technique for making, quantitatively, 
copper salts of (a) soluble anuno acids and peptides, (b) insoluble 
ammo-acids liaxung soluble copper salts, (c) insoluble amino-acids 
haxang insoluble copper salts 

2 We have formed copper salts of twenty-six dipeptides, twenty 
tnpeptidcs and four tctrapeptides, quantitatively, in solution, and 
have found the results to be consistent with the formula, (pep- 
tidc)iCu This supports the work of Fischer and Abderhalden on 
five isolated salts 

3 We hax c found (a) That on an average 99 per cent of the 
copper of all amino-acid salts (aveept that of histidine) is precipi- 
tated as o'adc w hen treated with a certain excess of alkah 

(6) That on an ax erage 6 4 per cent of the copper of dipeptide 
salts IS precipitated as o'ade xvith the same excess of alkah 

(c) That on an average 6 3 per cent of the copper of tnpeptide^' 
salts IS precipitated as oxide xxath the same excess of alkali 

(d) That on an average 7 3 per cent of the copper of tetra- 
peptide salts is precipitated as o-ade ■with the same excess of alkah 

Our thanks are due to Dr Wm G Lyle for his encouragement 
in this work, and for placing at our disposal the excellent collection 
of peptides and amino-acids belonging to the late Dr A H Koelker, 
and to Mies Calm M Hoke for much assistance in prepanng this 
article for publication 

** Amcr Chem Jown , Nov , 1912 

UsiDB 3-5 cc N COi-frce NaOH for every 0 1 gram substance and 
boilmg 

” Assuming all the substances to be perfectly pure, which of course they 
are not It is probable that perfectly pure tn- and tetra-peptides ■will 
not precipitate any of the copper of their salts under the conditions given 
above We are convinced that impurities will account for most of the 
precipitation 
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Peptide Copper Complexes 


EXPERIMENTAL NOTES 
o Copper oxide as a reagent 

In our first ork on copper salts ue used black copper ovide obtained in 
the open market as a reagent, but found that with peptides it reacted too 
slowly Then we tried the commercial basic carbonate, and found it more 
useful, but not quite satisfactory Freshly prepared copper hydroxide, how- 
ever, was found not only efficient hut almost instantaneous in its reaction at 
O^C The amount of surface is, of course, a factor in the reaction, and 
therefore a gelatinous precipitate is, other things being equal, preferable 
to a coarse granular precipitate 

As Fischer and Abderhaldcn used suspended copper oxide m making 
their salts, it was necessary to investigate the relative efficiency of this 
reagent on various ammo-acids and peptides when boiled 

The following table gives the results with freshly made copper hydroxide 
and. freshly made copper oxide suspensions on boiling The latter were made 
by allowing a suspension of the hj droxide to stand several days m the 
laboratory, during w hich time it changed its color from blue to almost black 
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1 

W 

S 

O' 

b 

' 2 1 

k 

ft 

es Si 

‘ 

, Kt 

1 'C 

1 

1 u e 
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1 i?o 
i °l' 

1 O O 
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1 
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h 
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? 
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H 

o O 
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O o " 

D S 
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. 1 
! ? 

I 5 

1 *- 

1 

0 p 

gu 

o 

H 

S 

o 

h 

§ 

D 

H 

o« 

pp 

o 


grams 

1 grams 

grams 

grams 

psr eeni 

Glycine 1 

1 0 1011 

0 0564 j 


0 0536 

105 2 

Glycine 

1 0 lOlG 


0 055S 

0 0539 

103 5 

Alanine 

i 0 1034 

0 0482 


0 0462 

101 3 

Alanine 

0 1021 


0 0472 

0 0156 

103 5 

Alanyl-glycinc 

; 0 1013 

0 0502 


0 0551 

103 0 

Alanyl-glycine 

0 1001 i 

1 

i 

0 0515 

0 0547 

94 5 

Leuoyl-glyeine 

0 1023 

; 0 0435 


' 0 0133 

100 5 

Leucyl-glycine 

0 1015 


0 0435 

0 0129 

101 4 

Alanyl-leucj 1-glycine 

0 1004 

0 0210 


0 0308 

68 2 

Alanyl-leuoj 1-glvcinc 

0 1010 


0 0137 

0 0310 

44 2 

Glycyl-leucyl-glycine 

0 1011 

0 0242 

1 

0 0328 

73 8 

Glycyl-leuoyl-glycine 

0 1003 


0 0150 1 

0 0325 

46 2 

Alanvl-di-glyoy l-gH cine 

0 1003 

j 

0 0195 

0 0307 

63 2 
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Thc'o rc'julls show Hint boiling, ^\lnlp luilnblc for nmino-ncids nnd 
dipcptidci, cnnnot be used riifh In- nnd tctrn-pcptidcs, nnd will cnsily 
nccount for (he nlinormnl remits obtnined bj Abderliniden nnd Hirsch ” 

h Jhcnrhottalc: ni toltcnis for copper hydroxide 

When c^s(lne, tr\p(oplinne, leucine nnd other nmino-neids, ivlioso copper 
snlts nrc insoluble, nre (rented ns in method c (sec p 4), the copper salts 
nro found almost \iliollj ’ in the prccipitnte, mi\ed tilth the excess copper 
hi droxidc 

In order to show tlieclTectof different concent rntions of the bicarbonate 
on the solubilitx of copper In droxidc and the "insoluble” copper snlts, the 
following prcliminnrj experiments ncrc made 

Pure copper snlts of the nmino^icids were made ns described under c 
nnd a smnll portion (sufTicicnt to Icnxc n slight excess undissolved) was 
stirred constnntlj for file minutes in 25 cc of 5 per cent, 10 per cent and 20 
per cent potassium bicarbonate, controls were mndc on 25 cc of distilled 
wnter 
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CJ 

O 

O 

O 

O 

1 

fframt 1 

ffroms j 

fframs | 

fframi | 

fframs 

Copper hydroxide 

0 00000 

0 0283 

0 0580 

0 0505 

0 1080 

Leucine, copper ' 

n-Aminocaproic acid, cop- 

0 00020 

0 0006 

1 

0 0008 


0 0016 

per i 

0 00003 

1 0 0007 

0 0010 

0 0014 

0 0060 

Phenjlgljcinc, copper j 

0 00003 

0 0000 

0 0012 

0 0013 

0 0050 

Tryptophane, copper I 

0 00020 

0 0001 

0 OOOl 

0 0005 

0 0007 

Cj Stine, copper i 

0 00000 

1 0 0000 

0 0000 

0 0000 

0 0001 


Loc cit 

” When less than 0 1 gram of tryptophane is used, the copper salt 
remains in a supersaturated condition in the filtrate and later crystallizes 
out 

Only one concentration of sodium bicarbonate was used, the potas- 
sium bicarbonate, on account of its greater solubility, is preferable 




A STUDY OF THE MECHANISM OF PHLORHIZIN 
DIABETES 


BrFIl.VNKP UNDERHILL 

(From the Sheffield Laboratonj of Physiological Chemistry, Yale University 
New Haven, Connecticut ) 

(Rreen ed for publication, August 7, 1912 ) 

The distinctive feature of phlorhizm diabetes m contrast with 
other tjTies is the significant diminution in the blood sugar content 
The mechanism bj which this condition of hypoglycaemia is estab- 
hshed has been explained by a variety of theones, none of which, 
howeier, has received umversal acceptance Of the numerous 
nett’s' that have been promulgated two have received considerable 
attention It was the opimon of v Menng- that the drug creates 
an increased permeabilitj’’ of the kidney for sugar, thus leading to 
the passage of blood sugar into the unne To meet this dram 
upon the sugar of the blood an augmented activity of the blood 
sugar regulating mechamsm is supposed to be set up whereby new 
sugar IS formed in the body from some antecedent substance, pre- 
sumably protein If this explanation is correct one might fairly 
assume that extirpation or ligation of the kidneys in phlorhiz n 
diabetes by preventing a renal loss of sugar would result in a restor- 
ation of sugar to its normal percentage in the blood Minkowski’s® 
experiments tend to support this position although, as Levene^ 
pomted out, Minkowski obtained an increase of sugar in the blood 
beyond the normal after extirpation of the kidneys, which theoreti- 
cally should not result if phlorhizm merely has a specific influence 
upon the kidney and does not act upon some other mechamsm 

* For a discussion of the problem, cf Macleod Recent Advances in Physi- 
ology and Bio-Chemistry, Edited by Leonard Hill, 1906 

’ V Menng Verhandl d 5te Congresses f inn Med , 1886, p 185 

’ Minkowski Arch f exy Path it Pharm , xxxi, p 85, 1893 

* Levene Joum of Physiol , xvii, p 259, 1894-5 



1 6 Mechanism of Phlorhizm Diabetes 

A second view of the nature of phlorhizm diabetes, which w'as 
advocated by Pavy and others,® differs from the first pnmanh 
m ascnbing to the kidney the power of produang sugar Under 
the influence of phlorhizm the cells of the renal tubules are supposed 
to exert a catabohzmg action upon something reaching them from 
the blood, resulting m the hberation of dextrose m a manner com- 
parable to that by which lactose is set free by the cells of the mam- 
mary gland 

That the conditions existing m pancreatic and phlorhizm dia- 
betes are similar m many respects is well recograzed Thus m 
the starving dog the D N ratios obtained in the twm experimental 
states are somewhat alike Moreover, it is generally conceded 
that in phlorhizm diabetes as w'ell as m the condition induced bj 
removal of the pancreas the ability of the orgamsm to utihze dex- 
trose may be somew hat diminished The distingmshmg difference 
between these two abnonnal states is found m the lowered blood 
sugar content in phlorhizm diabetes and the existence of hiTier- 
glycaemia m pancreatic diabetes 
Although numerous investigations have been earned througli 
concermng the relation of hgation or ablation of the kidnejs to 
phlorhizm diabetes a review of the literature fails to reveal an 
experiment of this nature with ammals m total diabetes, that is, 
wnth a D N ratio of approximately 3 65 In the w'ork of Minkon- 
ski companson has been made of the blood sugar content of dogs 
both m phlorhizm and pancreatic diabetes after kidnej^ remma! 
He found that in pancreatic diabetes lij perglycaemia was in eii- 
dence whereas the blood sugar content rose little, if at all, aboi e 
the normal m phlorhizm diabetes It appears to the wnter, how- 
ever, that the conditions existing m the tw'o ex^ienmental states 
were too dissimilar for stnet companson In pancreatic diabetes 
a constant influence is at work for one may reasonably assume that 
extirpation of the pancreas either imtiates a stimulus for, or renioi es 
an inhibition from, the sugar regulating mechamsm In phloi- 
hizm diabetes, on the other hand, to produce a sinular constant 
response on the part of the bod}’^ the animal orgamsm must be 
continually supphed with the necessary quantity of the drug 
Expressed in other words, prexuous expenments have been pei- 


‘ Paxi , Brodie and Siau Journ of Physiol , \xi\, p 467, 1903 
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formed wath aninnls in unlike states, in pancreatic diabetes, a 
constant stimulus has been present, while little or no attempt has 
been made to imitate comparable conditions in plilorhizin diabetes 
The production and maintenance of a D N ratio of 3 65 would 
appear to satisf}'' the condition of a constant stimulus Ablation 
or ligation of the kidneys vndcr these circnmslances would perhaps 
constitute an e\pcnnicnt uith conditions more stnctly compara- 
ble with those obtaining in pancreatic diabetes than is true for 
manj' of the previous investigations Hitherto, for the most part, 
little or no attention has been devoted to the question of plilorhizin 
dosage or to the period of time vhich plilorhizin might reasonably 
be expected to exert an influence upon the percentage of sugar in 
the blood At present it is veil recognized that the glycosunc 
influence of a single injection of plilorhizin persists, in dogs at least, 
for a fen hours onlj' Yet there are records of expenments of the 
tjqie under discussion demonstrating the possibility that sufficient 
time had elapsed since the last pldorluzin injection for restoration 
of blood sugar content by utilization of an excess in the blood, pro- 
vided a high percentage of sugar m the blood had been temporarily 
established 

The object of the present investigation has been a study of the 
changes in blood sugar content of ammals m phlorhizm diabetes 
after ligation of the kidneys or suppression of the renal secretory 
function Two types of expenments were planned In the one, 
dogs have been brought into a condition of total diabetes with 
phlorhizm The kidnej^s were then ligatured tmee, one ligature 
being placed around the ureters and the blood vessels, another 
designed to include any collateral vascular branches The exper- 
iments were so planned that the operation was performed upon 
the kidneys shortly after the mormng admimstration of phlorhizm, 
and a second injection of the drug was given as usual eight hours 
subsequent to the first Blood was analyzed for total solids and 
dextrose content just previous to the operation and at intervals 
subsequent to ligature of the renal organs 

In the other type of expenment the function of the kidney as an 
excretory organ was practically abolished in fastmg phlorhizimzed 
rabbits by the subcutaneous admimstration of sodium tartrate ® 

“ Cf XJnderlull this Journal, xii, p 115, 1912 
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i8 Mechanism of Phlorhizin Diabetes 

In this instance the blood supply to the kidneys was presumably 
uninterrupted whereas the escape of sugar from the blood was pre- 
vented by the changed character of the tubular epithehum The 
establishment of such a condition has been found to occur after 
tartrate injections and has been recorded in a previous paper 
Blood analyses were made only after removal of the kidney function, 
for expenence relative to the blood sugar content of both normal 
fasting rabbits and phlorhizimzed rabbits made unessential the 
preliminary determination of the blood sugar content By omis- 
sion of the estimation of blood sugar content before abohtion of 
the kidney function the well-known influence of the removal of a 
relatively large quantity of blood upon the percentage of sugar in 
the blood was obviated 

The double ligation of the kidneys m dogs practically amounted 
to extirpation of these organs and hence was equivalent to the 
non-participation of the kidneys m the sequence of phenomena 
following the operation In the case of rabbits, however, the 
circulation through the kidneys was presumably more or less intact 
although the secreting mechamsm was abolished ’ Any influence 
exerted by phlorhizin upon the renal organs in the last mentioned 
instance, such as produc'ton of sugar, would therefore be possible 
through the channel of the circulation If the kidney is specifically 
responsible for the blood sugar phenomena exhibited in phlorhizin 
diabetes the results obtained from examination of the blood sugar 
content under the two conditions just outhned should theoretically 
at least be totally Pnlike Ligation of the kidneys might be ex- 
pected under the expenmental conditions to maintain the con- 
dition of hypoglycaemia or at most to allow blood sugar content 
to become normal If the kidneys actually produce sugar from 
some antecedent in the blood, as suggested by Pavy, the blood 
sugar content might be assumed to increase even above the normal 
by reabsorption m the absence of free secretion, provided it is 
granted that m the nephntis induced sufficient normal renal cells 
are present to accomplish such a task On the contrary, if the 
renal cells after tartrate injection are totally incapacitated from 
producing sugar under the influence of phlorhizin, that is, prac- 
tically every cell has lost its function — a condition which is most 


’ Underhill luc cit 
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unlikclj — then the blood sugar should behave in the manner in- 
dicated for ligation of the kidney, that is, the sugar in the blood 
should not increase above the normal It has been found that 
in general vnih both types of expemnents blood stigar content rose 
above the normal 

For the establishment of hjTierglycaemia under either of the* 
two methods outlined, various explanations may be offered In 
the first place it may be assumed that plilorhizin acts specifically 
upon the kidney rendering this organ more permeable for sugar, 
as suggested by \ IMcring, and in its attempt to maintain blood 
sugar content normal the blood sugar regulating mechanism is 
thrown somev hat out of adjustment, the inhibition is removed or 
in a manner similar to antibodj'^ production there is a compensatory 
hyperfunction and, in the event of the removal of the kidney func- 
tion, sugar increases in the blood until hyperglycaemia obtains 
In the case of rabbits, from the standpoint of Pavy’s suggestion, 
hyperglycaemia could be induced by production of sugar in the 
kidney and reabsorption into the blood Finally, hyperglycaemia 
ma}' be explained equally well on the assumption that phlorhizin 
has a two-fold action (a) an influence upon the kidney, resulting 
in augmented permeabilit}’’ for blood sugar and (b) a specific activ- 
ity upon some other mechanism whereby the orgamsm continually 
produces neu sugar which it throws into the blood stream The 
latter action might be, however, less pronounced than the former, 
hence, under ordinary conditions hj'poglycaemia is found asso- 
ciated with phlorhizin diabetes The evidence adduced below 
points in this direction 

Methods Throughout this investigation the experimental 
animals were maintained in a state of inamtion but water was 
freely given With dogs total phlorhizin diabetes was established 
according to the procedure recommended by Lusk ® For the oper- 
ations, uhich were performed under aseptic conditions, anaesthesia 
uas produced b3'' ether onlj'’ After ligation of the kidneys no 
anaesthetic was necessary for withdrawal of blood samples from a 
femoral arterj’- Post-mortem exanunations demonstrated in 
each case the complete ligation of the kidneys No attempt was 
made in the experiments with rabbits to estabhsh a fixed D N 


' Lusk Amer Journ of Phystol , wii p 163, 190S 
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TABLE 5 

Expenment S, Rabbit I Female rabbit of SSOO grams received daily subcu 
taneous injection of 0 SS gram phlorhizm 


DATE 

mi 

UBIVE 

DLOOD 

1 

! DEUABES 

1 

Volume 

Total 

Nitro- 

gen 

Dcr- 
: troso 

Total 

Sollda 

Dex- 
1 trose 


ce. 

grama 

fframs 

percent 

percent 


December 







5 

100 

2 88 

4 03 



Water intake — 40 cc 

C 

200 

1 73 

3 45 


1 

Water intake = 125 cc 

7 

90 

1 84 

1 40 



Water intake = 50 cc 

8 

10 

0 075 

0 076 



Subcutaneous injection of SO 







grams iartanc acid, neu- 







trabzed with NazCot, dis- 


1 





solved in SO cc water 

9 

' 0 



18 0 

0 21 

Water intake = 150 cc 







Blood drawn 2 5 hours 




1 


i 

after last phlorhizm in- 




! 

1 


jcction The liver con- 







tamed 0 41 gram gljco 



1 

1 


1 i 

gen 


TABLE 6 


Expenment 4, Rabbit J Female rabbit of SSOO grams received daily sabev- 
taneous injection of 0 85 gram phlorhizm 


DATE 

19U 

UBLVE 

SLOOD 

! 1 



Dex- 

trose 

i Total 
Solids 

1 1 

Dex- j 
tro^e j 

BEUABEB 


CC ' 

grome 

grama 

1 per cent^ 

1 

^percent 


December 




1 



5 

250 j 

1 45 

I 2 54 



Water intake = 170 cc 

6 

175 

2 70 

! 4 46 



Water intake = 80 cc 

7 

125 

2 38 

2 75 



Water intake = 90 cc 

8 

10 

0 075 

0 076 



Subcutaneous injection of SO 







grams tartanc acid, neu- 


1 





'ralized with NwiCoi, dts- 







soiled in SO cc water 

9 

0 



18 70 

0 16 i 

Water intake = 240 cc 





1 


Blood drawn 2 5 hours 




1 


i 

after last phlorhizm m- 



f 

1 

1 

} 

1 

jection The hver con- 




1 

1 

1 i 

tamed 0 60 gram glyco- 




1 

1 

1 

! 

' gen 
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dogs the blood sugar content increased above the normal after 
practical cvtirpation of the kidneys It is difficult to comprehend 
how extensive kidney secretory activity could be alleged in the 
rabbit experiments earned through m the manner described It 
is evident therefore that under the experimental conditions here 
outlined little support can be derived m favor of the view advanced 
bj' Paa'j'- On the other hand, in view of the new facts furnished 
b> the present in\ estigation the conception of v Mering with 
respect to the nature of the mechanism of phlorhizin diabetes has 
been supplemented and extended 


TABLE 7 


Expcnmcnl 6, Rahbxl K Female rabbit of SSOO grams received daily subcu- 
taneous injection phlorhizin 


tiniNE I DLOOD 


BATE 

1911 

1 

Volume 

1 Totnl 
Nuri>* 
Rcn 

* Der ‘ 

tro90 

1 Tolnl 1 
Solids 1 

■ I?ejr- 

troso 


cc 

, gramt 

i grarm j 

per cent 

ij><r cent 

December 



1 


i 

11 

85 

1 13 

2 40 j 

1 

1 


12 

! 

100 

1 35 

1 5S 1 

1 j 

j 


13 

10 

0 015 

I 1 

0 00S| 

1 

1 

! 

1 

14 

i 

0 



18 65 

0 20 


REMARKS 


Water intake = 25 ce In- 
jected 0 25 gram phlor- 
hizin 

Water intake = 70 oc In- 
jected 0 25 gm phlorhi- 
zin 

Subcutaneous injection of S 0 
grams iarlanc acid, neu- 
tralized with NatCos, dis- 
solved in 15 cc water in- 
JECTEI) 1 0 GRAM PHLOR- 
HIZIN Water intake = 
195 CO 

Blood drawn 3 5 hours after 
injection of 10 gram 
phlorhizin The liver was 
glycogen free 
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TABLE 8 


Expertmeni 6, Rabhtt L Female rabbit of SSOO grams received daily subcu- 
taneous injection of phlorhizin 






1 





TTBIKB 


BLOOD 

! 

DATE 

1911 







Volume 

Total 1 
Nitro- 
gen 

1 Dex- 1 
: tro30 1 

Total 

Solids 

Der- 

troso 

REMARKS 


cc 

gramn 

grams i 

ipfrcenti 

per ccnij 


December 







11 

120 ! 

1 71 

3 30 j 



Water intake = 50 cc 

12 

120 1 

2 21 

2 01 1 



[Water intake = 50 cc 

13 

i 

i ^ 

1 i 

0 

0 

1 

1 

f 

I 

j Subcutaneous injection of SO 
grams (artanc acid, neu- 


i 

i 

1 


1 

i 

1 

1 

1 

1 

tralized unth NatCo), dis- 
solved in SO cc water m 
JECTED 1 0 GBAM PHLOR 
HiziN Water intake = 

1 150 cc 

14 

0 

1 



16 70 

: 1 
i 

0 25 ; 

! 

Blood drawn 4 hours aft 
: er injection of f 0 gram 
phlorhizin The liver was 

1 glycogen free 


smBtARY 

The mechanism of phlorhizin diabetes has been subjected to 
investigation after the removal of the renal secretory function by 

(a) ligation of the renal structures in the dog and (b) abolition 
of kidney secretion through subcutaneous admimstration of sodium 
tartrate to rabbits 

In both conditions a significant hyperglycaemia may be in evidence 
With dogs this is accompamed by a decrease in the proportion of 
solids in the blood, that is, the water content is increased 

The data presented lead to the suggestion that phlorhizin may 
possess a two-fold action (a) an influence is exerted upon the kidney 
whereby this organ becomes more permeable for blood sugar and 

(b) an action upon other structures resulting in the production 
of sugar in quantities sufficient to cause h3q5erglycaeniia if the 
kidney function is removed 
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I INTRODUCTION 

The discussion in the last paper of this series noted the fact 
that, whereas Magnus-Levy found an increase of 20 per cent in 
the metabohsm of a dog during the hours following carbohydrate 
ingestion, Rubner’s work showed an increase of but 5 8 per cent 

* The urinary analyses of Dog II were accomplished by 
B Wishart 
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Metabolibm of Dextrose and Fat 


during a twenty-four-hour penod following the ingestion of cane- 
sugar in such quantity as to furnish energy sufBcient to provide 
for the daily necessities 

Heilner- repeated Eubner’s expenments, using dextrose instead 
of cane-sugar and found an increase in the heat production equal 
to 4 per cent m twenty-four hours The animal here employed 
was kept, as in Eubner’s expenments, at an environmental temper- 
ature of 33° This work seemed to justify Eubner's conclusion 
that carbohydrate is a matenal which may simply replace an 
isodynamic quantity of fat in metabohsm, without matenally 
altenng the heat production 

Zuntz’ has cnticised Heilner’s results on the ground that the 
respiratory quotient was not detenruned, and therefore the true 
conditions were not accurately portrayed In Zuntz’s opinion 
the metabohsm was really higher than Heilner calculated 

The respiration calonmeter has been used m the following senes 
of experiments to throw additional light upon this problem 

n EXPEBIUENTAL PART 

Kxqienments uere made upon Dog I but still more expensive 
work was accomphshed mth Dog II The dogs were both kept 
at an environmental temperature of between 26° and 27° whea 
withm the calonmeter The unne was alwaj^s free from sugar 
Other details of the procedure are gven m the last paper 

A Results of the ingeshon of dextrose by Dog I 

In the previous paper it was demonstrated that the minimal 
basal metabohsm of Dog I dunng a mommg hour the day after 
meat had been given at noon was 22 3 calories 

Table I of the Appendix presents the metabohsm of this dog 
dunng the second, third, fourth and fifth hours after the ingestion 
of 103 grams of dex'trose which was taken with 400 cc of water 
Twenty-four hours before this, the dog had received 200 grams 
of nee The calculated metabolism rose from a base level of 89 
calones for four hours to 115, a difference of 26 calories or 6 5 per 

’ Heilner Zeitschr / Biol , 1, p 488 

* Zuntz Natvrmsscnschofiliche Rundschau, xxi, No 38, 1906 
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hour This represents nu increase of 20 per cent Since 103 grams 
of dextrose conlnin 396 calories and cause an increase in metabolism 
equal to 26 cnlorics, it folloivs that 100 calories in devtrose would 
cause an increase of 6 6 calories The non-protein respiratory 
quotients nerc 1 02, 0 99, 0 99 and 0 98 in the successive hours, 
indicating dominant carbohydrate oxidation 

Of 114 56 calorics produced b}' the animal as calculated from 
the products of excretion and the oxygen absorption 110 05 calories 
11 ere measured by the calorimeter The difference is to be attrib- 
uted to the greater proportional warming of the slan than of the 
rectal region, 11 inch, m tiie last paper, was shoivn to occur in this 
dog after the ingestion of 100 grams of dextrose The mine of 
the period n as free from sugar 

This experiment demonstrated without doubt a large rise m the 
heat production follon mg the ingestion of dextrose by a dog The 
respirator^' quotients indicate that this increased metabolism 
could not have been due to the process of converting de\"trose into 
fat 

This completes the record of work to be published with regard 
to Dog I 

B The basal metabolism of Dog II 

A variety of problems were investigated upon Dog II The 
ammal nas mamtamed in good condition and nearly constant 
weight from November 24, 1911 to May 3, 1912, upon a daily 
diet consisting of 100 grams of biscuit meal, 100 grams of chopped 
beef heart meat, 20 grams of fat and 10 grams of bone ash, con- 
taining together 5 25 grams of mtrogen and 700 calories The diet 
was mixed mth water and given to the ammal at 6 00 p m The 
basal metabolism was determined on the day after the food inges- 
tion usually between the hours of 1 00 p m and 4 00 p m If the 
action of a substance were to be determined, it was fed to the dog 
at noon and the metabohsm determined from 1 00 p m to 4 00 
p m or later If 50 grams of sugar were given at this time, 50 
grams of biscuit meal were deducted from the evening ration 

The basal metabohsm was found to be the following on the var- 
ious dates mentioned 
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BATE 

1 

EXPEBIMENT ' 
NlTMBEn 

CALOniEB 

Calculated 

Found 

Average per 
hour 

(calculated) 

December 2, 1911 | 

3 

17 53 

17 61 

17 53 

January 9, 1912 

10 

15 45 i 

j 

14 54 

15 45 

January 22, 1912 

13 

15 41 

14 47 


! 

1 

1 

j 14 99 

17 18 ' 




1 30 40 

I 

31 65 

15 20 

Januarj 26, 1912 

17 ! 

1 

15 73 

15 89 



i 

1 17 44 

16 40 ' 



1 

1 IS 32 

15 42 



I 

1 48 49 1 

1 I 

1 47 71 

16 16 

Januar\ 30, 1912 

IS 

16 65 1 

i 14 22 



1 

» 

IS 99 1 

14 98 



I 1 

17 96 1 

16 99 



1 

50 60 j 

46 19 

16 86 

February 5, 1912 

21 

15 43 1 

15 11 



1 

16 03 j 

16 37 




18 33 j 

17 35 




49 79 

48 83 j 

16 56 

Apul22 1912 

51 

14 67 

16 10 




15 22 

15 51 




16 78 ' 

17 26 




46 67 

48 87 1 

15 56 


Average ^ 16 19 


The average heat production of tlus basal metabolism is 16 2 
calories When any three-hour period is compared with this 
fundamental figure, the average of the three hours is always within 
0 7 of a calorie or 4 per cent of the above figure A value which 
comes between 15 5 and 16 9 calories may therefore be considered 
as within the hmits of the normal basal value of this dog dunng 
sleep The full details of these expenments are presented in the 
Appendix, Table II 
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Assuming a minimal basal metabolism of 16 2 calories per hour 
the total ould be 388 8 calories in twenty-four hours for a dog 
weighing 9 3 Ivgms The area of the dog is 0 4956 square meters 

calculated from the formula, 112 '\/9 3- The minimal metabol- 
ism would therefore be 784 calorics per square meter of surface, 
which may be contrasted wath 759 calories similarly determined 
for Dog I Tlie difference is 3 per cent 

C The TcsuUs of the tngeshon of dextrose by Dog II 

a TwcJity grams of dextrose After giving 20 grams of dextrose 
in 150 cc of water to Dog II at noon, no defimte rise in metabolism 
could be made out in one experiment (No 39) while in a second 
c-xpenment (No 42) the metabolism rose from the basal value of 
16 2 to 18 7 calories in the second hour after the ingestion of the 
solution The metabolism returned in the third hour to the basal 
value This nse of 2 5 calories is an increase of 15 per cent above 
the basal metabolism Since 20 grams of dextrose contaimng 
75 calories causes a nse m heat production of 2 5 calories, it may 
be estimated that 100 calories would bring about an increase of 
3 3 calories 

The essential points are here presented and the full details will 
be found in Table III of the Appendix 


1 



CALORtES 



VON rnOTEIN 



VtJUDEn 

1 

TtUE 

a Q 

Calculated 

Found 

39 , 

1 09-2 00 p m 

1 12 ' 

16 94 

19 12 

1 

2 00-3 00 

0 95 

16 89 

17 24 

1 

3 00-4 00 

0 88 1 

15 75 

16 55 

1 


1 

49 K 

52 92 

42 

1 00-2 00 p m 

1 08 1 

18 72 

18 60 


2 00-3 00 

0 97 1 

15 43 

16 09 

1 


1 

1 

34 15 

34 69 


It 13 difBcult to explam the high non-protem respira 
tients It 18 apparent (Experiment 42) that a small q 
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dextrose may affect the metabolism dunng the second hour after 
its ingestion and then the metabolism reverts to the basal value 
It IS also true that the ingestion of a small amount of dextrose may 
not increase the metabolism It has been pointed out by Johann- 
son^ that after giving a small quantity of dextrose (75 grams) to a 
fasting man, there is no change m the metabohsm, on account of 
the retention of dextrose in the orgamsm in the form of glycogen 
b Fifty grams of dextrose The ingestion of 50 grams of dextrose 
dissolved m 150 cc of water caused a nse m the metabohsm from 
the basal level of 16 2 calories to 19 6 m the second hour, which 
level was very nearly maintained dunng the third and fourth 
hours, and then fell to the basal value m the fifth hour 
From the results of four experiments given in detail m Table 
II of the Appendix, the following type may be taken in illustration 


I 


EXPERIMECT 

NUinJER 

TIME 1 

( 

1 

20 

1 

1.00-2 00 p m 


2 00-3 00 1 

12 

3 00-4 00 ' 


4 00-5 00 


CALORIES 


NON PROTCtts 
T> r\ ‘ 


1 R Q 

) 

.1 1 

Calculated 

1 Found 

0 98 1 

i 

1 19 59 

19 94 

1 0 90 

19 47 

18 45 

' 1 03 

1 18 23 

19 26 

0 S3 1 

1 16 61 j 

17 25 


73 90 

I 74 80 


It IS apparent, from the non-protein respiratory quotients of 98, 
96 and 103, that carbohydrate combustion dominated dunng the 
second to fourth hours In the fifth hour the quotient fell 
The nse from the basal value of 16 2 to 19 6 calones represented 
an increase of 3 4 calones or 20 per cent The total increase in 
metabolism during the four hours was 9 1 calones Since 50 
grams of dextrose contain 184 6 calones, it follows that, taken in 
Rubner’s sense, the ingestion of 100 calones of dextrose causes 
an increased metabolism amounting to 4 9 calones 

c Seventy-five grams of dextrose Admimstration of 75 grams 
of dextrose in 200 cc of water caused an initial nse in metabohsm 
from 16 2 to 19 6 calones, the same as produced by 50 grams of 
dextrose The increased metabohsm was, however, continued 


^Johinnson Stand Atch f Physiol , \\i, p 1,1909 
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at least through the fifth hour at a level of about 20 calones per 
hour The total increase dunng the four hours was 16 35 calones 
Since 75 grams of dextrose contain 277 calones, it may be calcu- 
lated that 100 calorics of dextrose cause an increase in metabolism 
equal to 5 0 calones 

The follovang table illustrates these facts, which are set forth 
m greater detail m the Appendix, Table II 


EXTERturVT 


NON rnOTElN 

CAtORIEa 

NOunEn 


n Q 

Calculated 

Found 

40 

1 00 2 00 p m 

1 05 

19 60 

20 85 


2 00-3 00 

1 01 

20 22 

21 28 


3 00-4 00 

0 93 

21 09 

20 38 


4 00-5 00 

1 04 

20 24 

19 44 




81 15 

81 95 


The respiratory quotient is such as to indicate oxidation of 
dextrose throughout the four hours Although the results here 
presented do not justify the assumption that the higher metabobsm 
terminated with the fifth hour after dextrose ingestion, yet there 
is indirect eindence n hich will be offered in the next paper of this 
series that this is so This evidence consists m the fact that after 
giving 50 grams of dex-trose, alarge excretion of water by the kidney 
marks the fourth hour, the last hour of increased metabohsm, 
whereas after giving 75 grams, the large excretion of water marks 
the fifth hour 

d The mlrogen elivnnalion after dextrose ingestion In the 
calculations made above, the nitrogen of the unne was collected 
for the whole period beginning with the catheterization which 
took place just before placingthe ammal in the calorimeter and end- 
ing with the catheterization after removal of the dog from the box 
at the end of the experiment, and this mtrogen was apportioned 
equally between the hourly penods As a matter of fact, however, 
the mtrogen elimination is far from even after the admimstration 
of 50 grams of dextrose, as will be seen from the following analyses 
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Unnary analyses after qiiing 50 grams of dextrose at noon 
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Here ippcars a general oonfirmation of tlie work of good author- 
ities The increase in metabolism of 20 per cent found by Magnus- 
Lc\w IS verified, and a "specific dynamic” action of dextrose of 
4 9 after giving 50 grams of dextrose is m accord ivith Rubner’s 
expenments i\ath cane-sugar Rubner’s theory was that the 
extra heat produced by cane-sugar is derived from a cleavage of 
cane-sugar into Icvulose and dextrose His idea calls for the ab- 
sorption of dextrose and its utilization m isodynamic replace- 
ment of fat in the metabolism However, this does not occur 
During (he first four and Jive hours after the ingestion of SO, 76 and 
100 grams of dextrose, the heal production rises 20 per cent above 
the basal mclabohsm This fact was lost to sight in experiments 
continued over a period of twenty-four hours 
Wliat then is the cause of the increased metabolism'’ Dextrose 
itself IS soluble, rcad 3 ' for absorption and ready for oxidation by 
the cells lohannson has alreadj' been quoted as having shown 
the absorption of 75 grams of dextrose by a fasting man who 
retained it ns glycogen and no increase in metabolism followed 
The same -uTiter^ has given to a diabetic 60 grams of dextrose 
which was excreted unchanged in the urine and caused no change 
in the metabolism The question of "Darmarbeit” may, there- 
fore, be excluded as a factor to be considered 
Two causes might contribute to the increased metabohsm 

1 The sugar entering the blood stream might set up osmotic 
changes which would stimulate the cells to increased movement 
and, therefore, increase the metabolism 

2 The larger quantity of dextrose brought by the blood might 
cause increased oxidation through the presence of an increased 
amount of a readily oxidizable food-stuff 

To investigate the first problem it was decided to test the meta- 
bolism of the dog by giving (1) 200 cc of water, (2) 150 cc of 
water contaimng 6 7 grams of sodium chloride, (3) 150 cc of water 
containing 17 grams of urea The solutions of salt (assuming 
complete electrolytic dissociation) and of urea were isotomc with 
50 grams of dextrose m 150 cc of water 
To test the second problem another food-stuff, olive oil m fine 
emulsion, was given to the dog 


‘ lohannson toe cil 
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E The ingestion of water 

That water in moderate quantities has no effect on metabohsm 
has already been set forth by Bidder and Schmidt,® by Hubner^ 
and by Heilner ® The following results were obtained after giving 
200 cc of water at noon (Appendix, Table I) and also, for compar- 
ison, the results of the day following when no food was given at 
noon (Appendix, Table II) The dog was given the regular stand- 
ard diet at 6 00 p m as in all other experiments 


Bxpenmcnl 16 — 200 cc of tialer, 
January 25, ’12 


TIME 

CAU)R1ES 

Calculated ^ 

Fouod 

1 00-2 00 p m 

16 52 ' 

17 22 

2 00-3 00 

16 52 j 

17 69 

3 0(M 00 

16 46 1 

17 34 


'49 50 ' 

52 25 


Experiment 17 — No food, January 
26, '12 


TIME 

CALORIES 

Calculated j 

Found 

1 00-2 00 p m 

15 73 

15 89 

2 00-3 00 

17 44 

16 40 

3 00-4 00 

15 32 

15 42 


47 71 

48 49 

1 


It IS evident that the ingestion of that quantity of water m which 
the dextrose given in the experiments was dissolved, can have no 
influence on the metabolism 

F The ingestion of urea in solution 

In Expenment 14, 17 grams of urea in 150 cc of water w ere given 
the dog at noon and the ammal was placed in the calorimeter 
At 12 45 this was largely vomited The expenment was continued 
for two hours, although the measurement by the calorimeter during 
the first hour is not to be relied upon, on account of the mass of 
water on the floor of the box 

In Expenment 19, 12 grams of urea were given, which was prop- 
erly retained by the ammal The results of these expenments 
are presented below (full details. Appendix, Table II) 

* Bidder and Schmidt VerdauungssSfte und Sloffwechsel, J852, p 340 

1 Rubner Geseize des Energteverbrauchs, 1902, p 62 

• Heilner Zeilschr f Biol , xlix, p 373, 1907 
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ExpcnmciH H~t7 grows (f) urea, Experiment 19— IS grams 

150 cc mater, at noon urea, 160 cc water, at noon 


TiMr 

CALonicn 

CALORICS 

CnlculMcd ^ 

1 

round 

Cnlculntcd 

1 

! round 

1 00-2 00 p m 

2 00-3 00 

3 00 4 00 

IG 35 . 

17 70 1 

Ti'oT } 

20 12 (7) 

IS 70 

10 35 

16 08 

33 03 

15 94 

16 07 

32 01 


In Ev|)enment 14, during tlie period before the dog was put 
into the calorimeter, the nitrogen eliminated amounted to 0 154 
gram hourly, whereas, after administration of the urea solution, 
it rose to 0 424 gram per hour, indicating a considerable absorption 
of urea In the successful Experiment 19, the hourly excretion 
of mtrogen rose from 0 133 gram before the ingestion of urea to 
0 602 gram after, which corresponds to the elimination of an extra 
gram of urea per hour As the results show, the elimination of 
urea after its adtmnistrahon in solution is without any influence 
upon metabolism The normal of 16 2 calones per hour was closely 
approximated 

Zuntz® has sought to attribute part of the “specific dynamic” 
action of protein to the increased kidney activity accompanying 
the elimination of urea, but the above experiment shows this to 
be without foundation 

The calculation of the protein metabolism in Experiment 14 and 
Experiment 19 was on the assumption that it was maintained at 
the same height as on near-by days when no food was given during 
the same interval of the day 

G The ingestion of sodium chloride in solution 

One experiment was made to determine the influence of the 
ingestion of 6 7 grams of sodium chloride in 150 cc of water, a 
solution which is isotomc with 50 grams of dextrose in 150 cc of 
water This was given at noon on two successive days, the meta- 
bohsm being obtained on the second day with the following results 
(details. Appendix, Table II) 


’ Zuntz Zentralbt / Physiol , xxiii, p 9G0, 1909 
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Experiment 15 — 6 7 grams NaCl in ISO cc of water 


TIME 

CAT ORIES 

Calculated 

Found 

1 00-2 00 p m 

15 09 

18 00 

2 00 3 00 

16 64 

17 37 

3 00-4 00 j 

16 19 

16 54 


! 47 92 

51 91 


These figures contradict the statement of Zuntz*“ regarding 
the behavior of sodium chlonde on metabolism The results in 
no way differ from the average basal metabohsm of 16 2 calones 
per hour Hence, the ingestion of 150 cc of a solution containing 
4 2 per cent sodium chlonde is vnthout influence upon the metabohsm 
The urinary excretion of sodium chloride during the expenmen- 
tal penod between 12 00 noon and 4 08 p m amounted to 0 805 
gram per hour and from 4 08 to 10 a m the next day to 0 439 gram 
per hour The quantity of unne was 140 cc dunng the expenmen- 
tal penod of four hours, indicating marked diuresis 

H The ingestion of fat 

Since dextrose solutions caused an increased metabolism and 
solutions such as 8 per cent urea and 4 2 per cent sodium chlonde 
and water itself had no effect, it seemed desirable to test the 
influence of another food-stuff, fat, which is quickly absorbed, 
enters the blood current and supplies the cells with nutriment 
Fifty grams of ohve oil were mixed wuth 10 cc of a 1 2 per cent 
sodium carbonate solution and shaken till a fine emulsion formed, 
and this was given to the dog at noon 
The results may be thus summarized (details, Appendix, Table II) 

Ex^fenmeni 83 — 50 grams ohvc 0x1^ Experiment 84 — 30 grams, 

at noon ohve oil, at noon 


CALonres CALoniES 


TIME 

Calculated j 

Found 

Calculated , 

Found 

1 00-2 00 p m 


18 71 

17 69 

19 77 

2 00-3 00 


18 05 

19 71 

19 73 


t 

36 76 

37 40 

39 50 


Oxygen lost but the COi per hour was 6 05 and 5 01 against 5 81 In experiment 24 
ing during which hour the calculated metabolism was 17 69 the R Q being 0 79 
latter conditions the calculated metabolism of experiment 23 would have been 18 calorlee ana ove 
la the two hours recorded — 


Zuntz Zentralbl f Physiol , xxui, p 960, 1909 
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These c\])criments illustrate an increased metabolism above 
the basal level of 16 2 calorics per hour, due to the inflow of fat 
If one again recalls Benedict’s cxjicriments showing the negative 
effect of cathartics and of agar-igar upon the metabolism, one 
cannot attribute this increase to “Darmarbeit ” The emulsified fat 
flows partlj' through the portal vein, but m large quantity enters 
dircctlj into the circulation through the thoracic duct, at once 
affording a means of enrichment of the fat content of the general 
circulation Under these circumstances of ample nutrition, the 
metabolism inereascs (in the sense of Voit) 

The general results obtained from the experiments mentioned 
in this paper arc shonn in the accompanying chart 



Chart 1 ILl.t^ST^ATI^G the effect of the ingestion of dextrose 
AND fat and of V ATER, tTREA AND SALT SOLUTIONS ON THE METABOLISM 


Solid lines — metabolism in calories as calculated Broken lines metab- 

olism m calories as found 
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III SUMMAEY 

It IS impossible to discuss the present work ivithout anticipatory 
reference to the results of Miss Fisher and Miss Wishart, which 
are to be presented in the paper which follows this These 
authors have found that after giving 50 grams of dextrose to a 
dog, the blood sugar rises in percentage within one hour and then 
falls to normal during the succeeding hours, that there is a large 
retention of water by the organism during the period of high meta- 
bolism, which water is suddenly elirrjnated dunng the last hour of 
the huh metabolism (the fourth after dextrose ingestion), that 
during this same hour, the absorption of dextrose is completed, and 
that, during the period of high metabolism and water retention, the 
percentage of hemoglobin falls in the blood, rising again after the 
water elimination 

In general, the folloiving picture may be drawn It was noted 
in Dog I, that, after giving 100 grams of deirtrose, the skin temper- 
ature rose during the second hour, whde the rectal temperature 
fell slightly (second paper) When 50 grams of dextrose are given 
CDog II) the sugar content of the blood m per cent is first increased, 
but by the end of the second hour and thereafter, it is found to have 
returned to its normal percentage Value The volume of the blood, 
however, increases during the second hour, obviously in response 
to the osmotic pressure exerted by the increased sugar concentra- 
tion The increase m blood volume is demonstrated by the fall m 
the hemoglobin content of the blood During this period, the 
metabolism shoivs an increase of 20 per cent above the normal 
basal value During the fourth hour there is final absorption of ail 
the dextrose ingested, the metabolism remains high and there is a 
large excretion of water in the urine At the end of the same 
fourth hour, the blood sugar content is normal, indicating that, dur- 
ing the uithdraival of water and the concentration of the blood, the 
liver and muscles maintain the normal sugar content of the blood 
During the second, third and fourth hours, the high metabolism is 
accompanied by respiratory quotients of about 1 00 (after allowing 
for the influence of protein metabolism) However, dunng the 
fifth hour, when the met ibolism has returned to its basal value, a 
non-protein respiratory quotient of 0 83 indicates that a mixture 
of fat and carbohydrate is being oxidized The glycogenic function 
apparently enters into control and reduces the amount of carbo- 
Indrate aaailable for combustion, and fat is oxidized as well 
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It IS interesting to recill 111 this connection that Hdri“ found 
that the resinrntory quotient nas increased in a fasting animal 
after giving adrenalin Adrenalin causes a discharge of sugar from 
the glycogen repositories of the organism, >= the percentage of blood 
sugar rises largely and, in virtue of this, carbohydrate tends to 
replace fat m the oxidative jirocesscs 
If 20 grams of dextrose be given, a rise of 15 per cent may take 
place dunng the second hour aftei sugar ingestion, to be followed 
bj a normal basal metabolism in subsequent hours 
If 75 grams of dextrose be given, a 20 per cent increase in meta- 
bolism continues from the second through the fifth hour, during 
which hour the volume of urine becomes large, indicating that 
this IS the final hour of the higher metabolism 

It IS shoun that ingestion of 200 cc of water, of 150 cc of a 4 2 
per cent solution of sodium chloride or of 150 cc of an 8 per cent 
solution of urea have no influence upon metabolism It is, there- 
fore, concluded that the high metabolism after giving dextrose 
is not due to osmotic changes between the blood and the tissues 
The only remaining conclusion which appears possible is that the 
vicrcasc in nictabohsvi ts due to the 'presence of a greater amount of 
free diffusible carbohydrate than is present when there is no absorption 
of carbohydrate from the intestines It is knonm that the sugar of 
the blood behaves as if it existed in chemical combination (Loewi, 
L4pme) If this combining power over sugar remains constant, 
then w hen the blood is di uted \vith coincident maintenance of the 
normal percentage content of dextrose, there would be an increased 
supply of free readily oxid zable sugar molecules available for the 
nutrition of the cells Hence, carbohydrate alone is oxidized, and 
the metabolism rises in virtue of an increased supply of nutriment 
An emulsion of ohve oil ingested by the dog caused an increase 
m metabohsm, probably for similar reasons 

These experiments confirm the w'ork of Zuntz and of Rubner m 
many particulars, but they bring to light new points which show 
that the theories of both Zimtz and Rubner will have to be revised 
The view's here expressed, how'ever, conform to the “older” 
view of Carl Voit, who believed that the presence of abundant 
food increased the power of the cells to metabolize 

“ Hiln BiocJwm Zcitschr , xxyvjii, p 23, 1912 
” Ringer Journ of Exp Med , xii, p 105, 1910 
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AFPE 

TABLE I 


oaTE ' nvT 

irxp 

no 

CO, 

0, 

R Q 

HiO 

mncc 

N 

not rnoTErr 

CO, 

0, 

R Q 

1 


^oms 

pranti 


ffroms 

irniins 

(rrami 

grams 


Maj 4, ’ll 1 10 00-11 00 a m 

34 

10 85 

7 04 

0 99 

9 27 

0 213 

8 86 

6 14 

1 02 

1 11 00-12 00 


10 C8 

8 15 

0 95 

9 06 

0 213 

8 65 

6 35 

0 99 

' 12 00-1 00 p m 


11 30 8 59 

0 06 

9 28 

0 213 

9 28 

6 79 

0 99 

' 1 00-2 00 


11 23 

8 C4 

0 95 

9 31 

0 213 

9 20 

6 81 

0 93 


TABLE rr 


pair 



EXT 

SO 

1 

CO, 



! 

H,0 


1 won PBOTCin 


TIME 

0, 

R Q 


CO, 

0, 

R 0 





grams 

gro ms 


grams 

grams 

grams 

grams 


December 2 

11 

9 57-10 57 a m 

3 

5 Cl 

5 21 

0 76 

9 87 

0 133 

4 03 

4 09 

0 72 

January 9, 

12 10 00 n 00 am 

10 

5 40 

4 72 

0 83 

9 41 

0 1331 

4 14 

3 50 

0 88 

January 22 

12 

1 00-2 00 p m 

13 

5 5G 

4 65 

0 89 

8 66 

0 124 

4 40 

3 50 

092 



2 00-3 00 


5 26 

4 47 

0 86 

8 2o 

0 124 

4 11 

3 42 

0 87 

January 26 

12 

1 00-2 00 p m 

17 

4 75 

4 83 

0 72 

7 31 

0 095 

3 89 

4 03 

0 70 



2 00-3 00 


5 26 

5 35 

0 73 

7 SO 

0 095 

4 40 

4 55 

0 70 



3 OO-l 00 


4 84 

4 67 

0 75 

7 23 

0 095 

3 90 

3 87 

0 74 

January 30 

12 

1 00-2 00 p m 

IS 

5 14 

5 12 

0 73 

8 CO 

0 130 

3 92 

4 02 i 0 71 



2 00-3 00 


5 14 

4 78 

0 78 

7 97 

0 130 

3 92 

3 78 

0 75 



3 00-1 00 


5 53 

5 52 

0 73 

8 03 

0 130 

4 33 

4 42 i 0 71 

February 5 

12 

1 00-2 00 p m 

21 

5 32 

4 60 1 0 84 

6 51 

0 091 

4 44 

3 80 

0 85 



2 00-3 00 


5 11 

4 88 1 0 76 

G 27 

0 094 

4 22 

4 03 1 0 75 



3 00-1 00 


5 GX 

5 01 

0 73 

6 64 

0 094 

4 73 

1 

4 81 ’ 

0 72 

Apnl 22, ’12 


12 00-1 00 p m 

51 

5 03 ! 4 38 

0 81 

1 

10 29 ;0 132 

3 so 

3 26 1 

085 



1 00-2 00 


4 98 

4 60 

0 79 

8 99 , 

0 132 

3 7o 

3 48 

0 78 



2 00-3 00 


5 23 

5 12 

1 

0 74 

8 18 

0 132 

4 00 

4 00 1 

1 

0 73 


laexperlmeotsS and 10 ttancbrd diet wfisgiveo at Etoon la the others at 6 p m dil!}' 
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POO 1 



cAiORtr* 
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V __ 1 TojaI ] 
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1 ound j HaH 
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1 

1 



Atf^vromi 


5 (A 
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20 01^ 07 *^2 

OS 15 
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22 42 2S (X. 

2(. 42 

1^ iO 

+0 01 


cc ^Mitcr ftt 0 16 am 

S M 

24 ro 20 07, 

1 "1 

IS OS 

-0 n 



5 (A 

21 JvV 20 40 

01 07 

SS 45 

+0 37 




in '■.0110 0. 
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1 
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ttCUARKB 

Protfin 
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CaIpu 

U}p«l 

Tot«l 

Found 

1 8l*ft j 

l.„4| 

1 Differ- 
1 cnc« 


13 4oj 



j 

i 


h 



4 07 1 


17 53 

17 01 

37 S9| 

37 85' 

-0 04 

I 

9 3 

Verj quiet 

No food 

3 51 

11 01 

15 45 

11 51 

3S 41 

3S 41 

1 

1 

8 9 

Quiet 

No food 

3 29 ' 

12 li 

15 41! 

14 47 

3S Cfj 

38 45, 

-0 21 

8 7 

Vcr> quiet 

No food 

3 20 

11 70 

14 'y> 

17 IS 


38 48 +0 03! 


Active 7 minutes 




30 40| 

31 05 



1 i 


0* Ion 


2 52 

13 21 

15 73 

' 15 89 

38 30 

3S 2C' 

-0 10 

8 8 

Verj quiet 

No food 

2 52 

14 92 

17 44 

10 40 


138 27 +0 011 


SHglit movements 


2 52 

12 SO 

15 32' 

15 42 


38 22 

,-0 05! 


Moving 1 minute 


1 

13 j 

4S 49 

47 71 



1 




3 45 1 


10 05 

14 22 

38 43 

38 32 ' 

‘-0 Hi 

8 8 

Quiet 

No food 

3 45 1 

12 

15 99 ' 

14 98 


1 38 2s; 

1-0 M 


Occasional move 







t 



ment 


3 45 1 

14 51 

17 OG 

10 99 


38 43 

+015 


Active 1 minute 




50 00 

40 19 







2 50 

12 93 

15 43 

15 11 

38 40 

^38 31; 

|-o 09: 

9 0 

Vcr> quiet 

No food 

2 50 

13 53 

10 ai 

10 37 


3S 44 

1+0 131 


Occasional move 





1 





ments 


2 50 

15 83 

IS 33 

17 35 


33 C2 

+0 18 


Active 2 minutes 




49 79 

^ 48 83 




I 



3 5S 

11 09 

14 07 

10 10 

37 59 

37 5s' 

-0 01 

9 4 

Very quiet 

No food 

3 5S 

11 C4 

15 22 

15 51 


37 51 

-0 07 


Very quiet 


3 5S 

13 20 

1 10 78 

17 20 


37 04 

+0 13 


Quiet 




4G 07 

48 87 


_i 

i 

1 

1 

i 
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TABLE 11 


DATS 

TIME 

>to 

COi 

O, 

n Q 


URIVE 

N 

NON PROTEIK 

CO* 

Oi 

R Q 




firams 

firam$ 


gTttm$ 

framt 

gram$ 

trem$ 

r 

March 2C, 12 

1 00 2 00 p m 

30 

G 98 

4 87 

1 04 

7 11 

0 150 

5 58 

3 60 

1 12 


2 00 3 00 


6 22 

4 97 

0 91 

7 33 

0 160 

4 82 

3 70 

0 95 


3 00-4 00 


5 40 

4 72 

0 84 

7 04 

t) 150 

4 09 1 3 45 

1 

0 86 

1 

March 30 12 

1 00-2 00 p m 

42 

7 40 

5 54 

0 98 

9 08 

0 200 

6 59 

3 75 

1 03 


2 00-3 00 


6 74 

4 68 

0 80 

8 63 

0 200 

3 87 

2 89 

0 97 

January 3 12 

10 20-11 20 am 

9 

6 27 

4 47 

0 8G 

9 OS 

0 101 

3 78 

3 10 

0 89 


1 00-2 00 p m 


7 60 

5 77 

0 07 

10 76 

0 130 

6 42 

4 62 

1 01 


2 00-3 00 


8 34 

6 70 

0 OO 

10 89 

0 130 

7 W 

5 61 

0 91 


3 00-1 00 


9 63 

7 59 

0 92 

12 51 

0 136 

8 30 

6 44 

0 91 


4 00-0 00 


6 27 

5 02 

0 91 

10 30 

0 136 

4 09 

3 87 

091 

January 12 12 

1 00-2 00 p m 

11 

7 69 

5 70 

0 97 

8 71 

0 143 

6 23 

4 49 

1 00 


2 00-3 00 


7 05 

5 69 

0 98 

8 28 

0 143 

6 31 

4 48 

1 01 

January 18 121 3 00-4 00 p m 

12 

7 10 

5 27 

0 98 

0 22 

0 133 

5 87 

4 15 

1 03 


4 00-5 00 


5 71 

4 99 

0 S3 

8 C2 

0 133 

4 44 

3 87 

0 83 

February 2, '12 

1 00-2 00 p m 

20 

7 41 

6 71 

0 94 

8 41 

0 160 

G 01 

4 44 

0 93 


2 00-3 00 


7 25 

6 70 

0 93 

8 49 

0 150 

6 87 

4 43 

0 66 

March 27 12 

1 00-2 00 p m 

40 

7 83 

6 CG 

1 01 

8 10 

0 115 

6 76 

4 Op 

1 Oo 


2 00-3 00 


7 82 

5 79 

0 99 

7 01 

0 116 

6 75 

4 82 

I 01 


3 00-4 00 


8 01 

C 14 

0 95 

8 39 

0 116 

G 04 

5 17 

0 93 


4 00-6 00 


8 07 

5 84 

1 00 

7 90 

0 116 

7 00 

4 87 

1 W 

January 25 12 

1 002 00 p m 

1C 

5 31 

4 CO 

0 84 

7 G3 

0 130 

4 11 

i 

*3 50 

0 851 


2 00-3 00 


5 13 

o 51 

0 6S 

7 66 

0 130 

3 92 

M 41 

0 651 


3 00-4 00 


5 31 

6 01 



0 77 

7 42 



0 130 

4 11 

3 91 

0 76 


Aytrac® 3 


t Averato 74 
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(CinllnuM) 


CALomrd j 

noDT TCMrcitATunr 
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I 
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UtrJ 

1 
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Ttid 

Differ 
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1 
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1 


1 
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3 OS 

12 01 10 SO 
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3S IC 

-0 OG 


Quiet 
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3S 01 
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Quiet 



-1^ 5S 
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IS m 

3S 20 

3S 32 
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04 
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10 13 15 43 

IG 09 

1 

3S 20 
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1 
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-0 23 


Quiet 



101 02 

. 1 
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1 
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15 SO 10 00 

IS 09 
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3 51 

14 72 IS 23 

10 20 

1 3S Glj 3S 09, 

+0 03 

18 5 

Vcr> quiet 
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TABLE II 


OATi: 

TllfC 



Oi 

R Q 

ITiO 

vniNZ 

N 

KOV PaOTIM 


0, 





framg 

ffram* 


ffrann 

grams 

^Turru 

grams 


January 23 '12 

1 00-2 00 p m 

14 

5 86 

4 65 

0 92 

19 48 

}0 124 

4 69 

3 60 
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2 00-3 00 



5 39 

0 78 

19 21 

0 124 

4 62 

4 34 

077 

February 1 ’12 

2 00-3 OOpra 

19 

5 06 

5 03 

0 73 

8 15 
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3 85 
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0 71 


3 00-4 00 
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0 70 

7 64 


3 85 

4 33 

0 68 

Januarj 24, '12 

1 00- 2 OOp m 

15 

6 00 

4 29 

1 02 

S 86 

0 219 
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2 44 

I IS 


2 00- 3 00 


5 02 
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0 86 

8 94 

0 219 

3 85 

3 15 

0 89 


3 00- 4 00 
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4 94 
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3 41 
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0 SO 
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1 00- 2 00 p m 

23 


lost 


7 49 






2 00- 3 00 


5 91 
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7 C9 
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1 00- 2 00 p tn 

24 
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078 


2 00- 3 00 
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0 SO 
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0 129 



5 39 
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OBSERVATIONS ON THE ABSORPTION OF DEXTROSE AND THE 
EFFECT IT HAS UPON THE COMPOSITION OF THE BLOOD 

Bt GERTRUDE FISHER and MARY B WISHART 
(From Ihc Phtjsioloffical Dahoratori/, Cornell Medical College, New York City ) 


(Rcccncd for publication, August 12, 1912 ) 


In the experiments described in the last paper, two results were 
noted In the first place, the temperature of the skin rose to a 
greater degree after giving dextrose than did the rectal tempera- 
ture, and in the second place, the period of high metabolism was 
terminated bj' an hour in which a large quantity of water was 
eliminated in the urine The first observation pointed to a change 
in the distribution of the blood, whereas the second indicated that 
the volume of the blood had been increased during the period of 
the higher metabolism, only to dimmish again through the sudden 
excretion of v ater at the end of the period This paper presents 
results designed to follow these facts to a definite interpretation 
An old obsen’-ation of Bischoff and Voit* noted that a dog which 
had been fed wuth bread for forty-one days, during which time 
the unnaiy- nitrogen indicated a loss of 3 7 kgms of “flesh,” in 
reality lost only 0 5 kgm in weight, and when 1800 grams of meat 
were given to the ammal, water was eliminated in larger quantity 
in the urine than was taken in the food Although the fact of an 
increased quantity of water held by the tissues when an ammal 
IS maintained on a carbohydrate diet, has been repeatedly con- 
firmed, there has been no analysis of this condition extending 
over a short period of time 


‘ Bischoff and Voit Die Gcsclze der Erndhrung dcs Fleischfressers, 
I860, p 211 
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Experiments which describe the effect of dextrose ingestion upon 
the content of blood sugar have been accomplished on man Re- 
cent determinations by E Frank* give values of 0 07 to 0 09 
per cent of dextrose m normal human blood Liefmann and Stem* 
state that 0 105 per cent represents the maximum amount of dex- 
trose normally present However, these authors note that in two 
patients with croupous pneumonia, the dextrose content of the 
blood was 0 108 and 0 136 per cent, which, however, rose one hour 
after the ingestion of 200 grams of dextrose to 0 17 and 0 281 per 
cent respectively Gilbert and Baudouin* have given 150 graniB 
of dextrose in 400 cc of water to six normal young men They 
report that the blood sugar rose after one hour and amounted to 
0 107, 0 108, 0 125, 0 130, 0 132 and 0 134 per cent in the six indi- 
viduals After two hours the blood sugar content was only slightly 
above the normal, and m the third and fourth hours it was once 
more entirely normal 

In addition to these experiments, the procedure in which is 
entirely comparable to that employed by the present writers, 
other experiments have been performed m which dextrose solutions 
were injected directly into the venous system and the results noted 
Thus Brasol,‘ in the laboratory of Carl Ludwig, found that two 
minutes after intravenous injection of dextrose solutions, much 
of the injected dextrose was already removed from the blood, the 
percentage of hemoglobin fell, indicating a dilution due to osmotic 
processes, but in two hours the normal percentage of sugar had 
been reached Repeatmg these expenments,Nadporozsky® found 
that, following intravenous injection of dextrose solutions, the 
hemoglobin at first fell but after forty-five minutes exhibited 
normal relations Starling* injected 40 grams of dextrose in 40 
cc of water into the jugular vem of a dog Witfam five mmutes 
the hemoglobin in the blood fell from 100 to 60 per cent but after 
half an hour returned to normal Accompanymg the hydremic 

* E Fri.nfc Zeiischr f physiol Chem , Ixx, p 139, 1911 

* Liefinann and Stem Biochem Zeiischr , i, p 301, 1906 

* Gilbert and Baudoum Compt rend soc hiol , Ixr, p 710, 1908 

‘ Brasol Arch f Physiol , 1S84, p 211 , 

* Nadporozsky RusLaja Medicina, 1887, No 26 Abstract in Ma y s 
Jahresberichl far Ticrchemie, 1887 

* Starling Journ of Physiol, xxix, p 317, 1899, see also The Fluids 
of the Body, 1909 
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plcthon, due to tlie ^Mthdn^\^ll of water from the tissues in con- 
sequence of osmotic differences, there W'as n rise in blood pressure, 
an increase m kidne}’ volume and an increase in the elimination 
of unne Starling" belie\ es that the consequences of the hydremic 
plethora are increased circulation through the kidney and in- 
creased output of urine, the dilution of the blood favoring glomer- 
ular filtration The urine contained devtrose and Starling also 
suggests that dextrose itself leads to a stimulus of the ladney ves- 
sels or possibly the kidney cells, because the diuresis outlasts the 
hydremic plethora During this latter period, the quantity of 
hemoglobin rises above the normal on account of the continued 
diuresis 

Biedl and Kraus" have admmistered intravenously, 20 and 30 
grams of dextrose m 10 per cent solutions to human beings, 
have noted a rapid disappearance of excess of sugar in the blood, 
and haa e found that no considerable amount of sugar was elimi- 
nated m the urine These expenments all point to the efiBciency 
of the glycogenic function of the body which tends to maintain 
the dextrose content of the blood a fixed level 

EXPERIMENTAL PART 

In paper three wms described how a dog (Dog II), weighing 
about 9 kgms , was maintained on a standard diet and how eight- 
een hours after food ingestion, dextrose was administered (usually 
in 150 cc of water) and the metabolism then determined in hourly 
periods The following expenments were designed to nearly 
reproduce these conditions with a view to ascertaimng certain 
details during the different hours of dextrose absorption The 
facts investigated were (a) the amount of dextrose m the gastro- 
intestinal tract, (b) the dextrose content of the blood, (c) the glyco- 
gen content of the liver, (d) the quantity of unne secreted and (e) 
the hemoglobin content of the blood The first three factors were 
determined upon ten different dogs (shown in Table I) while the 
last two factors were observed upon the same dog (shown in Table 
11 ) 

Reference to Table I reveals a senes of experiments upon ten 
dogs which were given a standard diet one or more days In all 

‘ Starling The Fluids of the Body, 1909, p 153 

• Biedl and Kraus Wiener Klin Wochenschr , ix p 5- 
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Experiments which descnbe the effect of dextrose ingestion upon 
the content of blood sugar have been accomplished on man Re- 
cent determinations by E Frank* give values of 0 07 to 0 09 
per cent of dextrose m normal human blood Liefmann and Stem* 
state that 0 105 per cent represents the maximum amount of dex- 
trose normally present However, these authors note that in two 
patients with croupous pneumonia, the dextrose content of the 
blood was 0 108 and 0 136 per cent, which, however, rose one hour 
after the ingestion of 200 grams of dextrose to 0 17 and 0 281 per 
cent respectively Gilbert and Baudoum^ have given 150 graniB 
of dextrose m 400 cc of water to six normal young men They 
report that the blood sugar rose after one hour and amounted to 
0 107, 0 108, 0 125, 0 130, 0 132 and 0 134 per cent in the six indi 
viduals After two hours the blood sugar content was only slightly 
above the normal, and m the third and fourth hours it was once 
more entirely normal 

In addition to these experiments, the procedure in which is 
entirely comparable to that employed by the present writers, 
other experiments have been performed m which dextrose solutions 
were injected directly into the venous system and the results noted 
Thus Brasol,'^ m the laboratory of Carl Ludwig, found that two 
minutes after intravenous injection of dextrose solutions, much 
of the injected dextrose was already removed from the blood, the 
percentage of hemoglobin fell, indicating a dilution due to osmotic 
processes, but in two hours the normal percentage of sugar had 
been reached Repeating these expenments,Nadporozsky®found 
that, following intravenous injection of dextrose solutions, the 
hemoglobin at first fell but after forty-five minutes exhibited 
normal relations Starling* injected 40 grams of dextjose in 40 
cc of water into the jugular vem of a dog Withm five minutes 
the hemoglobin in the blood fell from 100 to 60 per cent but after 
half an hour returned to normal Accompanymg the hydremic 

’ E Frbnk Zeitschr f physiol Chem , Ixx, p 139, 1911 

* Liefmann and Stern Biochem Zeitschr , i, p 301, 1906 

* Gilbert and Baudoum Compl rend soc biol , Ixv, p 710, 1908 

* Brasol Arch f Physiol , 1884, p 211 , 

‘ Nadporozsky Buskaja Medicina, 1887, No 26 Abstract in Maly s 

Jahresberichl Jur Tierchcmie, 1887 

* Starling Journ of Physiol , xiav, p 317, 1899, sea also The Fw 
of the Body, 1909 
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the ciscs blood wns withdra^Ti under cocaine anesthesia, a method 
nhich employed because most anesthetics lead to an output 
of dextrose in the urine The cocaine was first used in a 7 per cent 
solution, ^\hlch proved too strong and led to the death of the animal 
m convulsions With a 1 per cent solution of cocaine there ■was 
no difficulty throughout the entire senes of experiments, except m 
the case of a small ncr\ ous dog (IV) In the other instances, after 
the subcutaneous administration of cocaine immediately over 
the carotid arterj', a canula could be inserted in the vessel and two 
samples of blood of about 50 cc each could be dra'wn from the 
perfectly quiet animal v ithout any sign of pain or irntation The 
dog was then killed bj a sudden blou on the head, the liver quickly 
removed and the stomach and intestinal contents were covered 
with 95 per cent alcohol 

The blood sugar vas determined by the method of We'vmouth 
Reid'” as used bj Vosburgh and Richards Glycogen m the bver 
was determined according to Pfluger'- and all sugar determinations 
according to the method of Allihn The Fleischl-Miescher method 
was emploj cd m the hemoglobin tests 

o The quaniiUj of dextrose in the gastro-intestinal traei 

In five cases, when the ammal was killed twenty-four hours 
after admimstration of the standard diet, the gastro-mtestinal 
tract was found to be free from dextrose When 50 grams of 
dextrose were given about twenty-four hours after the standard 
diet, a rapid though variable absorption of dextrose was recorded 
The results may thus be summarized 


Rate of absorption after giving 60 grams of dextrose 


TIME ATTEn FOOD 

DEXTROSE 

In Btomiich 

In Intestine 


grarra 

grams 

One hour 

5 6 


Two hours 

11 1 


Two hours 

16 6 


Three hours 

7 4 


Four hours 

0 0 



” Reid Journ of Physiol , x\, p 316, 1896 

“ Vosburgh and Richards Amcr Journ of Physiol , ix, P 35, 1903 
'•Pfliiger Das Glycogen, 2te Aufl , 1905 p 67 
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These figures indicate that the absorption of 50 grams of dex- 
trose in dogs -weighing between 8 and 9 kgms is rapid and is com- 
pleted during the fourth hour after the admimstration of the sugar 

b The dextrose content of the blood 

It has been repeatedly verified that conmisions increase the 
quantity of blood sugar through depletion of the glycogen reserves 
of the body This is apparent m values of 0 19 and 0 14 per cent 
of dextrose contained in the blood taken dunng cocaine convul- 
sions In two cases, however, when the blood was obtained from 
a quiet dog twenty-four hours after food ingestion, duplicate analy- 
ses showed in one dog 0 10 and in another 0 11 per cent of glu- 
cose, which are entirely normal values 

After giving 50 grams of dextrose in 150 cc of water to dogs 
which had received the standard diet twenty-four hours before, 
the following results were obtained 


Time after 50 gmma 

Blood su£iir in 

dextroeo 

per cent 

One hour 

0 16 

*Onc hour 

0 13 

Two hours 

0 10 

Two hours 

0 11 

Three hours 

0 11 

Four hours 

0 11 


•Not Included in Table I 


These results confirm those of Gilbert and Baudouin on man, in 
sho-wing that the blood sugar rises dunng the first hour and then 
falls, remaining normal thereafter 

c The glycogen content of the liver 

The glycogen content of the liver is knorvm. to be very variable 
in different dogs twenty-four hours after food ingestion, so that 
glycogen determinations often show little that is significant In 
this series, in the two "normal” cases, there were 7 47 grams (2 97 
per cent) and 7 70 grams (2 7 per cent) of glycogen in the hver 
Much less was found in the dogs which were killed during convul- 
sions, being 3 26,5 81 and 2 28 grams (2 00, 1 48 and 1 31 per cent) 
The following table shows the quantity of glycogen found m 
the liver at different hours after gi-ving 50 grams of dextrose, and 
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this IS compared with the quantity of dextrose absorbed from the 
intestine ns actually determined 


The viflucncc of ingesting SO grams of dextrose on the glyeogen content of the 

liver 


TIVE ATTm 50 OnAUA 
or Dcxrno^c 

DrrrnoBr ivorRTro 

Livrn OLVCOOEN 

Abvirbcd 

Present In bodv 
but unoxidized 

1 (cnlculntcd) 


prortt 

j (rroni* 

proms 

per cent 

One hour 

11 5 


12 75 

3 33 

TVo hours 

37 2 


7 95 

3 30 

TVo hours 

32 4 


11 90 

3 85 

Three hours 

12 6 ’ 


6 21 

2 56 

Four hours 

50 0 

1 

32 4 

21 28 

7 24 


The respiration experiments in the last paper showed that about 
16 calories of carbohydrate were oxidized per hour during the 
second and third and fourth hours m a dog similar in size to those 
here employed This is the equivalent of 4 4 grams of dextrose 
per hour * This must be considered a minimal value as it was 
obtained in a dog in complete repose Adopting this value for 
all the dififerent periods desenbed above, it is possible to estimate 
the maximal quantity of the absorbed dextrose which could have 
been present and unoxidized in the organism at the end of any 
given experiment 

One point stands out clearly and that is that during the period 
of high metabolism dextrose is not retained in the liver in any 
considerable quantity The larger part of the absorbed dextrose 
passes to other tissues Only at the end of four hours and after 
complete absorption of all the dextrose from the organism, does 
glycogen appear in large quantity in the liver This fourth hour 
IS the last hour of the high metabolism While it is realized that 
it IS dangerous to draw too sweeping conclusions from a single 
experiment, still it seems very probable that the end of the fourth 
hour is marked by a reduction of the flood tide of carbohydrate 
matenal to the tissues, the excess being deposited in the liver 
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d The quantity of unne secreted 

In paper three of this senes, it was noticed that after giving 50 
grams of dextrose in solution to a dog, there was a large secretion 
of unne dunng the fourth hour, which terminated the penod of 
high metabohsm In the present senes of expenments, a dog 
was used weighmg between 7 and 8 kgms The animal was first 
starved for two days, then on a third day of fastmg received 150 
cc of water and on the evening of that day and thereafter received 
the standard diet On vanous occasions at noon, he received 
20 grams and 50 grams of dextrose dissolved m ISO cc of water 
and 75 grams of dextrose m 200 cc of water These expenments 
were designed to reproduce the conditions descnbed m paper three 

The unne was obtained by means of a stenle catheter At noon 
the bladder was washed, at first with warm water and then with 
a solution of boracic acid Then, dunng the experimental penod, 
the bladder was emptied at the end of each hour, without washing 
it When the last portion of unne was removed, the bladder was 
washed with boracic acid solution to prevent infection The 
results are summanzed m the following table and are graphically 
presented in the accompanying chart 


Influence of dextrose solutions upon the hourly secretion of unne 


TIME j 

1 

FAST- 
ISO 1 
2 DATS 

i 

FAST- 

ISO 

3 DATS 
150 CC 
WATER 

STANTIArD DIET 18 DODIIS BEFORE FOOD 

1 

j J50cc water and 

200 CC 
water aud 
75 grams 
dextrose 

20 crams 
dextrofse i 

50 grams 
dextrose i 

50 grama 
dextros© 

50 grams 
dextrose 

p m ' 


i 

1 





12 00-1 00 ’ 

7 0 

28 0 

11 5 ! 

4 5 ; 

7 0 

4 0 

C 5 

1 00-2 00 

2 0 

27 0 

23 0 

6 0 

7 5 

4 0 

6 0 

2 00-3 00 

4 5 

28 0 

13 0 

8 5 

12 0 

12 5 

7 0 

3 00-4 00 

2 5 

17 5 

1 

22 0 

100 0 i 

88 5 

18 5 

4 00-5 00 



28 5 


66 5 

19 0 

89 0 

5 00-6 00 





22 0 

10 0 


6 00-7 00 1 

1 





16 0 



Total 

18 0 

too 5 

i 

41 0 

231 0 j 

138 0 

127 0 


It IS apparent from these figures that, if water be given alone, 
it is quickly eliminated If the same quantity of water be given 











ChaUT niLUBTRATINQ THE INFLUENCE OF INOEBTED DEXTROSE BOLUTIONB 
UPON THE HOURLY VOLUME OF THE URINE 

Straight lines = hourly urinary secretion during (a) fasting, (5) after 
150 cc water, (c) 50 grams dextrose in 150 cc water, (d) 50 grams dextrose 
m 150 cc Dotted line (e) = 50 grams dextrose in 150 cc water Dash 
and dot hne (f) —75 grams dextrose in 200 cc Star line (g) = 20 grams 
dextrose in 150 cc 
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with 20 grams of dextrose, there is at first some hindrance to its 
elimination If 50 grams of dextrose be added to 150 cc of water, 
the result of its ingestion is to reduce the quantity of urine elimi- 
nated during the first two hours to practically the fasting mini- 
mum, durmg the third hour there is a slight increase and dunng 
the fourth hour the elimination of urine rises to large volume, 
dechnes m the fifth hour and becomes greatly reduced in the sixth 
and seventh hours A similar picture is presented when 75 grams 
of dextrose are given in 200 cc of water, only the mimmal excre- 
tion lasts three hours instead of two, there is a slight increase dur- 
ing the fourth hour and the large increase m volume takes place 
in the fifth hour In Dog II m the previous paper, after giving 
50 grams of dextrose, the fourth hour marked the end of the high 
metabolism and it is here found to be the hour of large urinary 
excretion In the same dog, after giving 75 grams of dextrose, 
the high metabolism contmued during the fifth hour, which cor- 
responds to the hour of the largely increased output of unne in 
the present expenment 

The nitrogen elimination is shown in Table II These results, 
however, are not as reliable as those given for Dog II m the last 
paper because the bladder was not washed at the end of each 
period, and strictly comparable results could not, therefore, be 
achieved In general, however, a confirmation of the former 
results has been obtained, there is a small output of mtrogen 
during the penod of diimmshed urme secretion and a larger output 
during the period of diuresis 

e The hemoglobin content of the blood 

Making use of the same dog, blood for hemoglobin tests was 
obtained every hour immediately after catheterization The 
blood was obtained by cutting a small ear vessel, usually an artery, 
and taking a sample of the freely flowing blood The incision 
was reopened every hour with little difficulty and the ear was 
washed with an antiseptic solution after taking the blood The 
determinations were made by the Fleischl-Miescher method, 
using accurate pipette dilutions A count of the red blood cells 
was made as a check with regard to the reliability of the hemoglo- 
bin determinations It was repeatedly found that twenty-four 
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TABLE II 

The e^ccl of xiigc^tcd dcxlrosc '.ohihou'. tipon Ihc qitanMy of xinnc eliminated 
and upon the dtlulton of the blood nt indicated by the per cent of hemoglobin 

in i( 


DIPT 


Stmed 48 hour*? 


150 cc HjO nt 12 00 


20 grnms dc\tro‘;o, 
150 cc II 0 nt 12 00 


50 grnms dextrose, 
150 cc HsO nt 12 00 


50 grams dextrose, 
150 cc H 0 nt 12 00 


50 grnms dextrose, 
150 cc HO nt 12 00 


50 grams dextrose, 
150 cc H5O at 12 00 
noon 


Ti«r 

uniNr rrn 

NirnOOEN PER 

UEMOQLODtN AT 

HOUR 

noun 

END OF noon 

p m 

cc 

gram 

per cent 

12 00-1 00 

7 0 


104 

1 00-2 00 

2 0 


100 

2 00-3 00 

4 5 


99 

3 00-1 00 

2 5 


102 

12 00-1 00 

2S 0 


103 

1 00-2 00 

27 0 


101 

2 00-3 00 

28 0 


101 

3 00-1 00 

17 5 


103 

12 00-1 00 

11 5 


99 

1 00-2 00 

23 0 


100 

2 00-3 00 

13 0 


95 

3 00-1 00 

Lost 


95 

4 00-5 00 

28 5 


96 

12 00-1 00 

S 0 


92 

1 00-2 00 

6 5 


83 

2 00-3 00 

4 5 


81 

3 00-4 00 

9 0 


97 

1 4 00-5 00 

Lost 



12 00-1 00 

46 

0 0730 

102 

1 00-2 00 

0 0 

0 1039 

95 

‘ 2 00-3 00 

8 6 

0 2162(7) 


3 00-1 00 

22 0 

0 0969 

90 

1 4 00-5 00 



100 

12 00-1 00 

7 0 

0 1418 

108 

1 00-2 00 

7~^ 

0 1769 

99 

2 00-3 00 

12 0 

0 1601 

98 

1 3 00-4 00 

100 0 

0 1797 

98 

j 4 00-5 00 

60 5 

0 1510 

102 

1 5 00-0 00 

22 0 

0 1336 

107 

j G 00-7 00 

30 0 

0 1095 

106 

12 00-1 00 

4 0 

0 0679 

109 

j 1 00-2 00 

4 0 

0 0927 

80 

* 2 00-3 00 

12 5 

0 1683 

85 

' 3 00-4 00 

88 5 

0 1572 

90 

' 4 00-5 00 

19 0 

0 1292 

105 

5 00-0 00 

10 0 

0 1404 

110 

-12 00 



102 

1I2 00 -1 00 

6 5 

0 0927 

100 

' 1 00 -2 00 

6 0 

0 0997 

100 

2 00 -3 00 

7 0 

0 1404 

101 

1 3 00 -4 00 

18 5 

0 1263 


' 4 00 -5 00 

89 0 

0 1544 

_ 



75 grams dextrose, 
200 cc H50'atl2 00 
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hours after food, the dog showed 100 per cent of hemoglobin m 
the blood or slightly over 100 The method was sufficiently relia- 
ble to demonstrate that in fasting and after giving 150 cc of water, 
the hemoglobin remained constant in quantity, that, after giving 
20 grams of glucose m 150 cc of water, there was a slight fall in 
the amount of hemoglobin, and that giving 50 grams of dextrosem 
150 cc caused little or no effect during the first hour but dunng 
the second hour it may frequently bnng about a fall of 10 to 20 
per cent in the percentage of hemoglobin present m the blood A 
nse to its former value takes place only after the ebmmation of 
water from the blood by the kidney These experiments show 
that after giving dextrose m solution per os, a hydremic plethora 
may be established in the presence of a greatly dimimshed secre- 
tion of urine, being a direct contradiction of the theones of Starling 
already discussed, according to which the excretion of unne is 
greatly favored by a condition of hydreroic plethora 

DISCUSSION AND SUMIIART 

After the ingestion of 50 grams of dextrose in 160 cc of water, 
there is a rapid absorption of dextrose dunng the first hour, the 
sugar m the blood nses above its normal content and the hemoglo- 
bin content is not profoundly changed (the absorption of water is 
probably slight owing to the osmotic power of the dextrose solution 
in the stomach) At the end of the second hour, between two- 
thirds and three-quarters of the sugar ingested has been absorbed, 
relatively little has been retained by the hver as glycogen, the 
sugar percentage has become normal and the blood usually more 
dilute as shown by a fall in the percentage amount of hemoglobin 
The dilution has taken place as a result of the increased osmotic 
power of the blood due to the increase in sugar content found at 
the end of the first hour and the metabohsm is 20 per cent higher 
than before and is at the expense of dextrose, this being due to the 
generous distribution of freely dissolved and uncombined dextrose 
molecules to the tissues (see last paper) This condition lasts 
through the third hour Dunng the fourth hour the absorption 
of dextrose is completed, the urinary secretion, the volume of which 
has been almost at the fasting level, suddenly increases very largely, 
the hydremic plethora of the blood tends to dimmish and this 


I 
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hour IS the hsl liom of tlio increnscd metabolism In one instance, 
it the end of the fourth hour, a large quantity of glycogen was 
found m the In cr (a condition not found at the end of the previous 
hours) which suggests that the liver may have been active in the 
removal of the increased quantity of freely diffusible dextrose 
pre^^ously mtlim the blood tissues With the return of the blood 
to its normal volume, the percentage content of dextrose is not 
altered through the concentration of the blood The fifth hour, 
marked bj the return of the metabolism to its basal value, and 
which maj be characterized by a lowered respiratory quotient, 
shon s a lessened quantity of urmarj’^ output and a normal or above 
normal hemoglobin percentage m the blood 
With 20 grams of sugar these reactions are much less marked 
With 75 grams of sugar the high metabolism and the diminution 
of the volume of urmarj secretion lasts an hour longer than with 
50 grains of dextrose 




STUDIES IN BACTERIAL METABOLISM VH 


Bt ARTHUR I ICENDALL AND CHESTER J FARMER 

(From the Laboralonc: of BtoJogteal Chctmstnj and Preventive Medicine 
and Hygiene, Hartard Medical School ) 

(Rcccucd for publication, Juh 17, 1912) 

A most fundamental principle of bacterial metabobsm may be 
expressed conciscl3’’ by stating that “Fermentation takes preced- 
ence over putrefaction,”* that is to saj"^, bacteria in general which 
can utilize both carboh3'drate and protein, act upon the former 
m preference to the latter ulien both are present in the same 
medium 

In aacw of the confusion attending the use of the terms putre- 
faction and fermentation, the3’’ must be sharpty defined By fer- 
mentation is meant “the action of microorgamsms upon carbo- 
hydrate,’ and b3' putrefaction is meant “the action of microor- 
gamsms upon mtrogenous substances 

Bactena m common with all known living things need mtrogen 
to bmld up their bodies, it is self-evident, therefore, that even 
when carboh3’^drate is being fermented, enough protein must be 
broken down to satisf3 their mtrogen requirements Bacterial 
activity, therefore, must be sharply differentiated into two distinct 
processes, the structural and the vegetative, both functions being 
essential for their metabolism 

Nitrogen is indispensable for the structural process, hence bac- 
tena must have mtrogen in their dietary With the vast majority 
of bactena, however, the \ egetative process may be satisfied either 
by utihzable carbohydrate or by protein Whenever bactena 
can utihze both carboh3^drate and protein for their vegetative 
activity (for fuel) andboth are present in themedium in which these 

* Kendall Joum Amer Med Assoc , hi, pp 1084-1088 

’ For a more complete discussion of these terms, see Kendall Joum 
of Med Res , pp 140-144, 1911 
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organisms are growing, the carbohydrate is mvanably selected in 
preference to the protein Even when protein is being utilized 
for vegetative purposes, the bacteria actually eliminate nitrogen 
from the protein molecule and apparently utihze only the carbon, 
hydrogen and oxygen for their energy metabolism (fuel) This 
amounts practically to the use of carbohydrate in the last analysis 
for fuel purposes 

In the past, but little effort has been made to study bactenal 
metabohsm quantitatively, at least from the comparative stand- 
point, yet it is largely from the comparative study of different types 
of bactenal metabolism that the fundamental principles can be 
elucidated This lack of diligence cannot be explained whollj 
by the inadequateness of the older methods, it is rather attnbutable 
to ngid adherence to the narrow, botamcal idea of morphology 
and differentiation of bactena instead of the broader, dynamical 
consideration of bactenal activity The few painstaking studies 
which have been made along these hnes have failed for the most 
part because of the neglect of the carbohydrate factor in the media 
in which such expenments have been earned out For these 
reasons, it is impossible to quote from the hterature any studies 
which are earned out along hnes similar to those presented belon 

The results upon which this summary is based have been denved 
from the comparative study of a considerable number of bactenal 
types usmg methods of far greater accuracy than those previously 
available The types of bactena represented in this senes cover 
those commonly met with m bactenology, and a sufficiently large 
number of strains of each type have been examined to give definite 
assurance of the physiological and chemical hmits of each species 
The organisms selected for this work have been drawn largely from 
the normal and pathological flora of the gastro-intestmal tract 
where dietary alternations, comparable with those to which these 
bactena are subjected culturally, are commonly met with 


The methods employed have been described cntically in previous 
commumcations,® and will not be referred to here other than to 
state that the lumts of error are much less than the thickness of 


the lines shown m the vanous curves at the end of the paper 
Similarly, the analytical results have been presented in previous 


’ Folm and Parmer this Journal, xi, p 493, Folin and Macallum 

M, p 523, Kendall and Farmer i6id , mi, pp 13, 19, 1912 
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articles < It is the purpose of this communication to plot, analyze 
and synthesize these results The appended curves, accurately 
constructed from these analytical figures, show graphically the 
effects of carbohydrate upon bacterial metabolism These curves 
furthermore illustrate m a strilung manner the diversity of types 
of bacterial metabolism in media of the same composition, yet m 
spite of these diversities the sparing action of carbohydrate for 
protein IS apparent, except in tlic strictly "carnivorous’'orgamsms, 
B alcahgcncs and H-Gl 

TIic frankly pathogenic orgamsms associated with toxemia in 
the human bodj , as typhoid and dysentery (both Shiga and Flex- 
ner), break donm but little protein, as is shown by the small amount 
of ammoma liberated in the sugar-free medium, when they are 
using protein for fuel as well as for structural purposes The 
amount of ammonia liberated by the less frankly pathogenic organ- 
isms increases progressively as the more saprophytic types, e g , 
B prolcus, arc approached At first sight, cholera might seem to 
be an exception to this generalization It must be remembered, 
howc\er, that cholera may be a rapidly fatal disease, the entire 
course from infection to death taking place withm twelve hours 
This contrasts strikingly wth diseases such as typhoid, where the 
incubation period alone is about fourteen days on the average 
The proteolytic activity of cholera may be effectively checked by 
the presence of dextrose 

It will be seen from the curves that the proteol 3 rtic activity, but 
not the structural activity of bacteria (except the stnctly carmvor- 
ous types), can be arrested by the presence of utilizable« carbohy- 
drate The products of proteolytic activity, which are only formed 
whenbactenaare utihzing protein for fuel, are alkahne, nitrogenous 
substances, the products of fermentation, on the contrary, which 
are formed when bacteria are utilizing carbohydrate for fuel, are 
non-mtrogenous, acid products It must be remembered that 
all known true toxins are mtrogenous, while acids produced by 
fermentation are at best but irritants and are for the most part 
non-mtrogenous It would appear, therefore, that the production 
of toxic substances of bacterial ongm must be the result of pro- 
teolytic (putrefactive) activityrather than of fermentative activity 

* Kendall and Fanner this Journal, xn, pp 13, 19, 215, 219, 465, 469, 
1912 
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The importance of the spanng action of carbohydrate for protein 
m the hght of toxin production must be apparent 
We believe that the principle elucidated above is not hmited 
to bactena alone, but that it is in reahty a general and fundamental 
principle of cellular metabolism 

Explanation of Charts 

The solid, heavy line represents the production of ammonia in milli- 
grams of nitrogen per 100 cc of culture medium in sugar-free broth 
The solid, hght line represents the production of ammoma m milligrams 
of nitrogen per 100 cc of culture medium in dextrose broth 

The broken heavy line represents reaction in terms of cubic centimeters 
of normal acid or alkaU per 100 cc of sugar-free culture medium 

The broken hght line represents reaction in terms of cubic centimeters 
of normal acid or alkali per 100 cc of dextrose broth 

The composite curve illustrates graphically the relative amounts of 
ammonia produced by vanous types of pathogenic and saprophytic bac 
tena, for convcmence the different types are draun in the same figure to 
bring out forcibl> the difference in ammonia production in sugar-free broth 
bctrscen these types It will be seen that the production of ammoma m 
dextrose broth is essontiallj the same for all these organisms, excepting 
those which can utilize no sugar This ammonia production in sugar- 
containing broth IS a measure of the nitrogen needs of bactena for struc 
tural purposes as contrasted with the fuel needs 



B Proteus 



Arthur I Kendall and Chester J Farmer 67 




B Pardtyphosus ^ 



68 


Studies in Bacterial Metabolism 


ft 



MgTnNj I 
Per lOOcc 


iX nuEETxicsirsiirjr 



B Alcaligenes 


’perJOOcc 

pCc QCld 

cc alkali 
1 per lOOcc 



Mic Aureus 



Arthur I Kendall and Chester J Farmer 









70 


Studies in Bacterial Metabolism 




the behavior of fat-soluble dyes ahd stained 
fat in the animal organism 1 

Bi LAFAYETTL B AIKNDBIj and jVMY L DANIELS 

(.From the She field Lnhorntory of Phirtologicnl Chemiitry, 1 ale University, 
New Ilnxcn, Connccticvt ) 

(Ilccci\cd for pilbhcntion, Arigust 20, 1912 ) 


Introduction 

Dcpontion of fat -soluble d\rs m animal tissues 

A\ailabilil\ of stained fat in metabolism 

The fate of fat-soluble stains in tin. organism 

rat-transport in stanation and pathological conditions 

Fat-transport to the embno 

1 at-transport into milK 

Summarj 

Bibliograplij 


71 

72 
81 
84 

90 

91 

92 

94 

95 


INTRODUCTION 

Since Daddi= d.scotored that Sudan III when fed incorporated 
UTth fat, IS absorbed and laid down in the adipose tissue of animals 
lanous experimenters have used the dye as a means ^udpng 
problems Lnected nath fat metabolism The Po-f 
this method have not been exhausted, and the present i^i^^^^tio^ 
was aimed to extend the apphcation of fat-soluble dyes to the solu 

tion of some of the unanswered questions Cooviet 

The dyes used v ere Sudan III (Kahlbaum) Scariet 

(Aniline Red, R Medicinal Merck), Od 

Company), Oil Soluble Green (H A Metz and Company), Oil 

. A preliminarj report of some of the 
to the Society for Experimental Mc^ci 
viu, p 126, 1911) The essential facts in this p p 
dissertation presented by Amj L Daniels 
osophy, Yale Umversitj, 1912 

’ Arch xlal dc btol , xxvi, 142, 1896 
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Orange (National Aniline and Chemical Company), Blue Base 
(Hudson River Aniline Color Works) , Dandelion Brand Butter 
Color (Wells, Richardson and Company), and Annatto These 
are water-insoluble compounds which are soluble in fat, fatty acids, 
alcohol, ether, chloroform, benzene and bile, as well as m solutions 
of the isolated bile salts They were introduced, dissolved m fat 
or in lecithin emulsions of oil,® either by feeding or by intravenous, 
subcutaneous or intrapentoneal injections The dyes deposited 
in the fatty tissue and secreted milk of the experimental animals 
were easily detected by the color, those in the glandular, muscular, 
and nervous tissue, and in the fluids of the body — ^the blood, lymph 
and bile — ^were less easily determined In all cases 2-gram por- 
tions of the tissue to be examined were minced, dried with anhy- 
drous sodium sulphate and extracted with ether The ether ex- 
tracts were filtered, allowed to evaporate m white porcelain 
dishes, and the colors of the residues were noted The blood and 
lymph were also dried with anhydrous sodium sulphate, the bile 
was similarly extracted with ether after being dried down with 
calcium oxide to form ether-insoluble compounds of the bile pig- 
ments 

DEPOSITION OF FAT-SOLUBLE DIES IN ANIMAL TISSUES 

With the exception of the meal worm, Tenebno moliiar,* the 
infusoria (Stamewicz) and possibly the cow® the adipose tissue 
has been found to be stained in those ammals into which fat, 
stained xvith Sudan III, has been introduced The animals investi- 
gated, the methods of introducing the stain and the results ob- 
tained, are summarized in the table on pages 74 and 75 

Although the time required to stain the adipose tissue of ammals 
of different species has been noted only incidentally, it would seem 
from the results reported that it varies considerably Riddle has 
observed that rabbits and turtles absorb Sudan III less rapidly than 
the fowl, in which the fatty tissue is colored after one or two days’ 
feeding The red stain appeared m the yolk of the eggs of hens, 

* This emulsion, supplied by Fairchild Bros and Foster, consisted of 
5 per cent lecithin, 45 per cent peanut oil and 50 per cent water 
' Biedcrmann Arch J d fjes Physiol , Ixxii, p 105, 1898 
‘ S H and S P Gage Science, xxvm, p 494, 1908, Anatomical Record, 
lu, 1909 
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and in the milk of rats after one foechiiK, ^\herens the cow observed 
b> S P and S H Gage' gave no evidence of Sudan absorption 
after four dais of Sudan feeding 

ExPEniMEVTAL Feeding experiments with Sudan III were 
earned out nith rats, cats, guinea pigs, pigeons, hens, frogs, a cow 
and a goat The results i\ ere comparable Math those of the earlier 
ini cstigators Vftcr a single feeding of deeply stained food, colored 
fat M as found 111 the milk of cats and rats, and in the egg of the hen 
Pigeons, after fi\e dajs, shoued a distinct pink coloration of the 
subcutaneous tissue through the skin, at autopsy, the fatty tissue 
Mas found to be distinctlj stained Three guinea pigs, to which 
Mere giien tno gelatin capsules, each contaimng 80 mgms of 
Sudan III, eicrj second daj for four Meeks, gave no endence of 
stained tissue, tMo guinea pigs, giicn 2 cc of stained oil every 
second dai for three Meeks, contained faintly pink adipose tissue 
Frogs M ere fed for three m eeks during the hibernating penod Math 
meat liberalh mixed Math stained oil, throughout the experiment 
thej M ere kept in a room at 20°C In no case did the fatty tissue 
of these become stained The com secreted no stained milk even 
after sc\ cn succcssii c feedings of 7 5 grams of Sudan dissolved 
in oil, Mhcreas the milk of the goat Mas faintly, but distmctly, pink 
after one feeding of Sudan stained food 

ItMallbeobsenedthat, in general, those animals (rats, cats and 
foMls) Minch absorb fat readilj’’, give evidence of Sudan-stamed 
fat in less time than those, like the guinea pig and cow, in which 
fat forms a smaller factor m the diet 

Btcbnch Scarlet, nhich resembles Sudan III in its solubdities, 
and is not afiected by dilute solutions of acids and alkahes, was 
fed to pigeons, rats and cats, Math results comparable with those 
obtained Math Sudan III The subcutaneous tissue was colored 
pink 

Feeding experiments Math indophenol-blue were unsuccessful 
This dj e, unaffected by dilute alkahes, changes to pale yellowish 
green when treated Math dilute hydrochloric acid This color 
change in the stomach made it impossible to detect the dye ab- 
sorbed In rabbits and pigeons after subcutaneous mjections of 
oil emulsions colored Math the blue dye no fatty tissue was found 


‘ Anatomical Record, in, 1909 
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stained The blood of rabbits taken from two to six hours after 
mtravenous injections of indophenol-blue dissolved in oil emulsion 
yielded pink residues on extraction 

These results point to the reduction of the indophenol-blue to 
indophenol by the tissues The presence of active reductases in 
the various tissues of the ammal body has been observed by Ehr- 
lich/ Herter/ Hams® and others Heffter*" reports that the 
liver IS particularly nch in this enzyme, a fact which was further 
demonstrated by us as follows 

Ground liver tissue, to which oil stained with indophenol-blue had 
been added, was allowed to autolyze in the presence of toluene at a tem- 
perature of SO^C After twenty-four hours, the mixture had lost its blue 
color and had become pink, the addition of hydrogen peroxide brought 
back the blue color No change in color took place in a control experi- 
ment, carried out with boiled liver tissue under identical conditions 

The localization of fat-soluble dyes in the tissues 

Analysis of the various tissues of the ammal body shows that 
the largest quantity of fat (ether extract) is found m the subcuta- 
neous tissue, the fatty tissue of the abdominal cavity and the bone 
marrow, however, the muscular, glandular and nervous tissues 
contain estimable amounts It is reasonable to suppose, therefore, 
that animals containing Sudan-stained adipose tissue would like- 
wise have stained fat m the other fat-beanng tissues, especially 
since this dye readily reveals the presence of fat in histological 
sections of these tissues The only investigators who even suggest 
that the fat of other than the adipose tissues may not be colored 
are Mann'^ and S P and S H Gage The basis for Mann’s 
statement that “ammals fed on oil colored with Sudan III show 
only the adipose tissue stained” is not clear S P and S H Gage 
failed to find the stain m the nerve fibres of the chicks developed 
from the Sudan-stained eggs, although the adipose tissues of these 
were distinctly colored 

1 Das SaucrstoffbcdUrfmss des Orgamsmus, Berlin, 1885 

• Amer Journ of Physiol , xu, pp 207, 457, 1904-5 

• Bio-chem Journ , v, p 143, 1911 

Medtztnisch nalunmssenschaflliehes Archiv, i, p 81, 1907-8 

“ Physiological Histology, 1902, pp 36-7 

1’ Science, xxvui, p 494, 1908 
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Bondi nnd Ncuimnn'' found that the bone marrow and livers 
of rabbits were distinctly blue after the injection of an emulsion 
of fat, stained uitli mdophenol, and that the Kupfer cells of the 
Iners of rabbits became distmctlj-- pink after the injection into 
the circulation of an oil emulsion stained mth Scharlach Rot The 
animals Mere killed a few hours after the injection, the adipose 
tissue had not become stained in this short time, and the fact that 
the liver cells contained the color of the dye injected cannot be 
taken as proof that these cells store fat The results of subsequent 
expenments m this investigation pertaimng to the mode of ehmi- 
nation of fat-soluble dyes, to which reference will be made later, 
have throw n some light upon this point, and make it evident that 
these observations of Bondi and Neumann may be otherwise 
interpreted 

Experimental In order to ascertain whether stained fat, 
other than that m the distinctly adipose tissue, is present in the 
bodies of animals into which fat-soluble dyes have been introduced, 
2-gram portions of the tissues to be examined were freed, as 
far as possible, from extraneous fat and connective tissue, finely 
di\nded, dned and extracted with ether in accordance with the 
method already described The dyes were administered dissolved 
in olive oil or in lecithin emulsion of peanut oil The results are 
summanzed in the table on pages 78 and 79 

Discussion Negative results were always obtained from 
nervous and renal tissues, from muscle when it was freed from con- 
nective tissue or extraneous fat as in starvation, and in general 
from liver tissue Livers however from which blood had not been 
removed bj perfusion or bleeding sometimes showed traces of the 
dye In two cases the livers from rats which had been fed on a 
diet contaimng 75 per cent of deeply stained lard, yielded con- 
siderable quantities of the dye These hvers were distinctly 
pink, owing undoubtedly to the storage of the absorbed fat in the 
hver cells Microscopic exanunations of frozen sections, however, 
failed to disclose the dyes, even when chemical isolation demon- 
strated their presence 

The explanation of these results is not clear It may be that 
the form of the fat in the nervous, muscular and glandular tissues 

” Zenlralbl f Biochcm u Biophystk, x, p 1453, 1910 
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Behavior of Fat-Soluble Dyes 

of the body is quite different from that m the adipose tissue— that 
it IS held m some loose chemical combination which is no longer 
capable of taking up the stain The present methods of fat extrac- 
tion and staimng may result in a disintegration of this complex 
molecule MacLean and Williams*'* have advanced the theory 
that the fat removed by extraction from animal tissues does not 
represent the form in which the fat exists in these tissues, and 
that the fat is made endent as the result of certain post-mortem 
changes by which the compound is broken up and the fat hberated 
Leathes*® and Abderhalden and Brahm*® have suggested that the 
fat of the active tissues differs from that of the storage tissue In 
the present investigation it was foimdthattheisolated ether-soluble 
substances of the brain can take up the stain This observation, 
together mth the fact that the nervous tissue of Sudan-stamed 
ammals is always free from the dye, even when the embryomc fat 
contained an abundance, as was demonstrated by S P and S H 
Gage**^ in chicks developed from the stained eggs, adds weight to 
the theory outlined above 

An explanation of the fact that in a large number of the experi- 
ments the liver tissue was found to be free from the dye, is afforded 
by the observation that ike fat-soluble dyes are more soluble tn hie 
than tn fat, and when these dyes are introduced into the body in solu- 
tion in the fat they are eliminated in the bile Added evidence m 
favor of this exqilanation is found in the fact that the fat complex 
in the liver is not incapable of holding the dye m combination 
This is shown by the folloiving experiment 

A solution of Sudan III in bile was injected, under pressure, into the 
common bile duct of a rabbit After 20 cc had been forced in, the liver 
was removed, perfused with physiological sahne solution, comnunuted, 
washed in cold running w'atcr for twenty-four hours and filtered, the resi- 
due, which was distinctly pink, was washed until the filtrate gave no test 
for bile salts with Pettenkofer’s reaction, ether extracts of the dried residue 
were distinctly pink There could be no doubt that the fit had absorbed 
the stain 

Conclusions Stained fats, introduced into the animal body 
intraperitoneally, intravenously, subcutaneously or by absorption 

’* Bxo-chem Journ , iv, p 455, 1909 
Problems in Animal Metabolism, 1906, p 72 

i‘ Zeitschr f physiol chem , Kv, p 330 1910 

” Science, xxvm, p 494, 190S 
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from the nlinieutnrj tract, arc laid down m the adipose tissue and 
marrow 

The renal and nervous tissues arc free from the stain, even when 
the fatty tissue is deeply colored, muscle tissue, when freed from 
fat, as m extreme star\ation, contains no stained fat, the dye is 
found m the li\ er only w hen the blood contains an abundance, as 
in starvation, or w'hcn the animal has been fed food containing a 
large amount of stained fat a few' hours before the examination 
Liver fat, in srUi, is capable of taking up the stain 
Indophcnol-bluc is reduced m the body, this reduction takes 
place, in part, in the hver, hence adipose tissue is not stained wath 
this d3'e 


AVAILABILITY OF STAINED FAT IN METABOLISM 

Riddle'® has suggested that adipose tissue stained with Sudan 
III IS less available to the organism than unstained adipose tissue 
Inasmuch as the dye enters into no chemical union wath the fat, 
but IS merclj' dissolved therein,"’ it does not seem probable that 
the Sudan III can so change the nature of the fat that it cannot 
be used as effectively by the orgamsra as unstained fat An indif- 
ferent material, like Sudan III, might be toxic, or might form toxic 
combinations in the body, and thus affect organs dealing wath fat 
combustion, but that the fat itself is rendered unavailable scarcely 
seems tenable The non-toxicity of Sudan III has been show'n 
by feeding ammals over long penods of time wathout apparent 
deleterious results 

Experimental , In order to determine if Sudan-stained fat 
is less available to the orgamsm, starvation experiments were 
earned out with Sudan-stained rats and pigeons, comparable experi- 
ments were conducted wath normal animals 

1 Pigeon B Fed with pulverized dog biscuit, lard deepb' stained 
With Sudan III, and cracked corn for three weeks before the beginning of 
the fasting penod Subcutaneous tissue became pink Weight of pigeon 
at beginning of fast was 297 grams Death in ten days It had lost 116 5 
grams, 39 per cent of its imtial weight, all visible fat had disappeared 
No pink color was to be seen A slight trace of Sudan III was found in 


“ Journ of Exp Zo5l , vm, p 163, 1910 
'• Michaelis Virchow’s Archiv , clx, p 263, 1901 
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ether extract of the tail gland, bone marrow and liver, the muscle, kidnej 
and brain contained no trace of the dje 

Z Pigeon C Preliminary feeding same as B Subcutaneous tissue 
became noticeably pink Weight at beginning of fast 294 grams Death 
in eleven days Loss of weight 105 grams, 56 per cent No visible fat 
remained, tissues showed no pink color, ether extract of liver and bone 
marrow slightly pink, of muscle, kidney and brain, colorless 

5 Pigeon D Fed Sudan-stained food as in B and C After sixteen days 
of fasting this animal died It had lost 41 per eent of its imtial -weight 
All visible fat and stain had disappeared from the bodj The ether extract 
of the bone marrow was slightly pink, that from the liver and muscle showed 
no pink color 

4 Pigeon E A normal well-fed bird, was starved for sixteen days, dur- 
ing which it lost 229 grams or 54 per cent of its initial weight All -visible 
fat had disappeared from the bodj 

B Pigeon F A well-fed normal bird which died fifteen days after the 
fasting period began The loss in w eight w as 144 grams or 45 per cent of 
Its initial weight All visible fat had disappeared 

It should be noted that Pigeons B and C were kept during November 
in an unheated room with the windows open This doubtless explains their 
earlier death as compared with pigeons D, E and F which were kept at 
about 20°C In everj case, however, the fattj tissue had entire^ disap- 
peared from the bod> 

Expenments with rats gave similar results 

6 Rnl A Fed with ground dog biscuit mixed with lard deeply stained 
with Sudan III for seven dajs Fasting period, three dajs Loss in weight, 
42 grams, 42 per cent of irutial weight The bod> was free from all traces 
of visible fat and stain 

7 Ral C Preliminarj feeding period, same as A Fasting period ap- 
pro-araatclj sixt 3 hours All visible fat disappeared from the bodj The 
ether extract of the brain, hv er, muscle, kidnc} and subcutaneous tissue 
left no pink residue 

8 Ral B A normal well-fed rat, which died after a 60 hours’ fast The 

loss in weight was 40 grams or 22 per cent of its imtial weight The body 
was free from all visible fat 

9 Control cxpenmcnl Rat D Was fed on Sudan-stained food as in 
the previous experiments, for seven days The subcutaneous tissue, omen- 
tum and fatty tissue about the kidneys were deeply pink 

The result of the control experiment affords evidence that the 
adipose tissue of the experimental animals was similarly stained 
at the beginning of the fasting periods The further observation 
w as made that rats, and m some cases rabbits, stained as the resu t 
of feeding with deeply stained fat>-nch food, excreted unnes wrhic 
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were distinctly pink, such urines were found to contain both fat 
and Sudan III 

In tno expenments Sudan-stained pigeons were fed with un- 
stained foods after long fasting ])eriods— other pigeons, fasting the 
same length of lime and under similar conditions, had died At 
autops} , the fatty tissue of these nas found to be unstained 

10 Pigeon G Ted with Siidnn-stnmcd fat, described m protocols 1-3, 
staned linrfeen dn>s, lo-ss of weight, 101 grams or 29 per cent It was 
re-fed and examined some months later All trace of Sudan had disap- 
peared, the ether extract of the tissues left no pink residue 

11 Pigeon A PrcMousIj fed with Sudan-stained food, starved eleven 
days, loss of weight, lOt grams or 32 per cent It was re-fed until it had 
gamed 10 grams Upon examination, no stained tissue was found Ether 
extract of subcutaneous fat, tail gland and omentum showed no pink color 

Discussion The results of these trials are not m agreement 
mth those reported by Riddle Sudan-stained pigeons and rats 
died in no less time than the unstained control animals In both 
cases the visible fat had entirely disappeared, and, m the stained 
animals, the dye as veil Those animals which were fed after 
long fasting periods until there vas a marked increase m body 
weight, contained no trace of the former Sudan-stained fatty tissue 
One must conclude from these results that stained adipose tissue 
is no less available to the organism than the non-Sudan-stained 
fat and that it is used quite as readily and completely 

The disparity between our results and those of Riddle is difficult 
to explain His observations that chicks fed on stained food 
developed more slow’ly than normal chicks and that hens ceased 
to lay after considerable quantities of the dye had been ingested 
may have resulted from other causes than the ingestion of the 
dye It IS conceivable that the apparent failure of starxung stained 
ammals in his experiments to utilize their fatty tissues as do normal 
ammals was the result of impurities m the dye fed Mann^® has 
observed that Scharlach Rot given to half grown kittens in large 
doses causes vomiting We gave large doses of Sudan III, put 
up by an Amencan manufacturer, to two cats These died within 
a comparatively short time apparently from the effect of some im- 
purity m the dye Other cats, given equally large doses of the 
Kahlbaum dye, experienced no ill effects Riddle’s deductions from 


Personal communication 
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his second senes of fasting expenments that stained animals under- 
Avent a greater percentage loss of weight during starvation than do 
unstained are unconvincing by reason of the fact that an important 
part of his weighing records was lost 

THE FAIT! OF FAT-SOLUBEE DVES IN THE ORGANISM 

The observations cited above have shown that Sudan III, depos- 
ited in the tissues as the result of adding the dye to the food, dis- 
appears completely during starvation Experiments upon cats 
and rats gave no reasons for thinking that this disappearance is 
due to elimination of the dye by the kidneys The fact that the 
excreta of starving Sudan-stained pigeons contained the dye and 
the observation that the dye was present in the gall bladders of 
Sudan-stained animals subjected to starvation or poisoning with 
phosphorus or phlorhizin turned our attention first to the elimina- 
tion of fat-soluble dyes by way of the bile It is well-known that 
the bile is the normal path of ehmmation of many substances 
From the work of Abel and Rountree-^ on phenoltetrachlor- 
phthalein the assumption seems justifiable that substances which 
leave the body exclusively by way of the bile must be insoluble 
m water and soluble in bile or substances contained therein 

Two prehminary experiments were made upon cats, previously 
fed with Sudan III and starved for four days preceding the expen- 
ment The bile, collected as it was secreted by the liver, and the 
blood yielded pink ether extracts, while those obtained from the 
liver tissue, washed free of blood and bile, were colorless These 
results pointed to a transport of Sudan-stained fat to the liver with 
subsequent storage of the fat in the liver and ehmmation of Sudan 
III in the bile 

The ehmination of fat-soluble dyes under normal conditions 

The dyes, dissolved in lecithin-oil-emulsion, were introduced 
into the circulations of cats, dogs and rabbits by injections into 
the femoral veins In each case the urine contained in the bladdery 
as well as the liver tissue and bile, was examined for the injecte 
stain The approximate time of the appearance of the dye in the 

*1 Journ of Pharmacol and Exp Therapeutics, i, p 231, 1909 
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bile after its introduction into the blood stream was incidentally 
noted 

The results of the experiments arc summarized m the following 
table 


The CTcrelton of fatsoluhlc dijes introduced dissolved tn fat 
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None 

None 
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j red 

90 

None 
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Cat V, 0 

Blue Base 

Blue 

Pink 

50 

None 

Presentt 

Cat V, 15 

Butter Color 
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None 



• The ftnlraal died fifteen minutes after the second Injection of dyo 

t The animal died one-half hour after the loicctlon 

t The addiifon of dilute hvdrochloric acid to the liver tissue resulted In a blue color The 
animal died four hours after the Injection 

In a number of the experiments the residues from the ether 
extracts of the excreted bile were examined for fat The ethereal 
filtrates were allowed to evaporate from watch glasses, the residues 
were heated gently, no melting of the material took place and no 
grease spot was formed on soft tissue paper by this residue The 
dyes were excreted dissolved m bile and not in combination with 
fat 

In some cases, the color of the residues from the ether extracts 
of the bile was not precisely like that of the dyes injected This 
change m color is the result of the passage of the dyes through the 
body where they are brought in contact with hydroxyhons The 
action of dilute alkalies on the dyes outside the body causes a sim- 
ilar change 
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The residues from the ether extracts of the liver tissue were not 
always colored, when the anunals were killed some time after the 
injection of the stain, or when only a small amount had been mtro- 
duced, the liver was found to be free from the dye The unnes 
were consistently free from stain 

It is obvious from these results that fai-soluble dyes, when intro- 
duced into the circulation in solution in fat, become separated from 
the fat and are eliminated in the bile 

Absorption of fat-soluble dyes into the portal circulation 

The next experiments were designed to deternune the r61es 
played by the bile and by the fat in the absorption of fat-soluble 
dyes from the intestine 

2B Dog 26 kgm Fed at 7 20 a m Two hours later the animal was 
anaesthetized, and a cannula was inserted m the thoracic duct Twenty- 
cubic centimeters of Sudan-stamed oil were injected into the duodenum 
at 11 15 a m , followed by 1 p-am of desiccated ox bile in solution At 12 15 
the lymph was intensely pink At 2 00 p m , a cannula was inserted in the 
bile duct The animal was killed by bleeding at 5 30 p m Tno-gram por- 
tions of the liver tissue, 10 cc samples of the blood, 50 cc of the lymph and 
from 2 to 4 cc of the bile were exaimned The ether residues from the dried 
lymph and bile t\ere distinctly pink, while those from the blood and liver 
showed no trace of the dje 

Z3 Cat, full-grown Fed at 8 15 a m , was anaesthetized at 9 30 a m 
A cannula w as inserted in the thoracic duct at 10 45 a m , after 10 cc of 
Sudan-stained emulsified oil had been injected into the duodenum, a cannula 
was placed in the common bile duct and the bile collected therefrom The 
lymph flowed freely, and at 2 30 p m it was distinctly pmk in color The 
ether residues from the lymph and bile were distinctly pink The blood 
(10 cc ) taken at 5 00 p m j lelded no pink residue The liver was also free 
from the dye 

These experiments show clearly that although Sudan HI, intro- 
duced -with fat into the intestine, is absorbed by the lacteals and 
appears in the thoracic lymph, it is still absorbed and eliminated 
in the bile, under conditions which preclude the entrance of the 
lymph into the blood In the latter case, neither the blood of the 
general circulation nor the hver tissue is stained This behavior 
IS explained in part by the observation that the dyes studied are 
more soluble m bile than in fat and by the results of the following 
experiments which show that the dyes may be absorbed from the 
intestine into the portal circulation m solution in bile 
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Fasting animals Mere anaesthetized, a cannula inserted into the 
bile duct and bile solutions of the various dyes used in the earher 
expeninents vere injected into the small intestine The results 
arc summarized below 


The cxcrclinii of fnl-’iohMc dya absorbed from ahmentary traet, dissolved 

in bile 
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The presence of the dye in the bile in these experiments and its 
absence from the blood of the general circulation show clearly that 
it IS absorbed wath the bile by the portal circulation and eliminated 
with the bile by the hver That none of the dye entered into the 
general circulation is evidenced by the fact that the blood of the 
ammals examined — five out of six — gave no indication of even 
traces of the dye when tested by a method capable of detecting 
0 00001 gram of Sudan III in 10 cc 

The two following expenments show that when bile is not present 
with the dye in the intestine, no absorption of the dye in the portal 
circulation occurs 

Stained fat was introduced into a loop of the upper intestine 
after this had been washed out with physiological sahne solution 
to remove all traces of the adherent bile The bile excreted under 
these conditions was free from the stain, although in one case (cf 
protocol 24) the thoracic lymph showed that a slight amount of 
fat absorption had taken place, in the other experiment (cf proto- 
col 25) both bile and lymph contained no dye until after the intro- 
duction of a bile solution into the intestinal loop, when the excreted 
bile was found to contain Sudan III, although the lymph was still 
colorless 
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34 Dog 30 kgm Narcotized with morphine and ether A temporary 
hmph cannula as inserted at 10 00 a m , and a bile cannula at 10 45 a m 
\ 12-inch loop of the intestine was tied off just below the pylorus and 
uaslied out with physiological saline solution, at body temperature, until 
the washings were clear Sudan-stained oil, together with a solution of 
0 1 per cent HCl, introduced to increase the pancreatic secretion, were 
injected into the intestinal loop at H 00 a m Bile, collected at 12 00 m , 
2 00 ]i m and 3 30 p m , when dried and extracted, left no pink residues 
Sc^cnt^ cc of lymph, collected between 2 00 and 3 30 p m , contained a 
small amount of Sudan III, the ether extract of dried blood was unstained 

35 Dog 8 J gm Anaesthetized with morphine and ether at 9 45 a m 
The insertion of the temporary Ijrmph cannula immediately preceded that 
of the bile cannula The intestine was ligated just below the pylorus 
and 14 inches below it This loop was washed out with physiological 
saline solution until the washings were clear Approximately 10 cc of 
Sudan-stained emulsified oil, together with 10 cc of 0 1 per cent HCl were 
introduced into this loop The bile collected at 3 30 p m left no pink resi- 
due , the lymph also was free from dye At 3 30 p m , 10 cc of a solution 
of desiccated ox bile w ere injected into the intestinal loop The bile col 
loctcd at 7 30 p m , 3 5 cc , showed the presence of the dye, while the Ivmph 
taken at this time, 25 cc , left no pink color when extracted 

The elimination of the dye in the bile dunng fat absorption, under 
conditions where the stained fat was prevented from entenng the 
general circulation, was undoubtedly due to the migration of the 
dye from the fat to the bile m the intestine and its subsequent 
absorption There is no reason to believe that the dye in the 
excreted bile \\ as the result of absorption of stained fat into the 
portal circulation Had such been the case, the dye would have 
been present in the excreted bile in expenment 24, as well as in the 
lyonph 

The lime required for the absorption and deponiion of fat, studied 
by means of fat-soluble dyes 

The fact that fat-soluble dyes are ehminated in the bile explains 
some hitherto inexplicable phenomena observed in the work with 
Sudan III Earlier in this investigation an attempt was made to 
determine the length of time required to lay dowm the fat absorbed 
from the alimentary tract Stained fat was fed to rabbits and 
cats, and samples of blood, taken from the ear veins of the rabbits 
and the jugular veins of the cats, were examined for the circulating 
dye The stain was still found to be present in the blood of rabbits 
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one neck after the last stnmed feeding, and the blood of the cats> 
tested from four to five wccl^s after the last Sudan-feeding, left 
distinctly pink residues Oil emulsions stained with Sudan III and 
Biebnch Scarlet gave similar results when injected into the cir- 
culation of rabbits The blood of these was found to contain the 
dye three n ecks after the last injection 

These observations find their explanation in the fact that dye, 
ibsorbed from the intestine into the lymph with the fat and into 
the portal blood mtli the bile, again enters into the intestine with 
the bile Thus a closed circulation of the dye is established and 
it IS possible that the blood of a once Sudan-stained animal may 
become quite free from the stained fat only after long periods under 
normal conditions of feeding Animals exanuned months after 
the Sudan-stained feeding had ceased contained deeply stained 
fattj tissue 

The t%mc required for the ehnnnabon of circulating fat-soluble dyes 

An attempt was made to ascertain (in cats and dogs) the length 
of time necessary for the separation of the dye from the circulating 
fat and its ehmmation through the bile Emulsions of stained 
fat, in amounts varying from 1 to 10 cc , were mjected directly 
into the circulation, cannulae uere placed iif the common bile 
ducts and samples of blood and bile were taken every two or three 
hours In order to facilitate the flow of bile, solutions of desiccated 
ox bile were mjected into the upper intestine The bile, blood, 
and liver tissue after it had been washed free from blood, so far as 
possible, were examined for the stain 

Nine and one-half hours was the longest period during which 
observations were made m any experiment, and although in that 
instance only 1 cc of the stained emulsion was mjected, both blood 
and bile, collected at the end of this time, showed that a consider- 
able quantity of stained fat was still m circulation In those cases 
in which the experiments continued over a comparatively long 
time, or when a small amount of the stained fat had been intro- 
duced, the hver was free from the stain The hver evidently does 
not store up stained fat, the dye becomes separated from the fat 
as the stained fat comes m contact with the bile in the liver cells 

Discussion Fat-soluble dyes introduced mto the body m 
solution m fat are secreted in the bile These dyes may enter the 
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body from the alimentary tract m two ways (1) m the lymph, m 
solution in fat, (2) through the portal circulation, dissolved m 
reabsorbed bile When the dyes are absorbed dissolved in bile, 
they apparently do not pass beyond the hver, but are speedily 
reexcreted into the gut, and do not enter the general circulation 
unless fat is present m the intestine The blood of Sudan-stained 
ammals, under normal conditions of feeding, is never free from the 
fat stain The dye put out m the bihary secretion is reabsorbed 
in the digesting fat, and a continuous circulation from gut to blood 
and return is established The elimination of the stain from the 
circulation, when all possibihty of reabsorption is removed, takes 
place slowly The stained fat was found in the blood of a cat 
nine and one-half hours after it had been injected into the femoral 
vein 

PAT TRANSPORT IN STARVATION AND PATHOLOGICAI/ CONDITIONS 
PHOSPHORUS AND PHLOHHIZIN POISONING 

We have attempted to follow the migrations of Sudan-stamed 
fats under conditions in which a transport of fat is well-known to 
occur, namely, in starvation and after poisoning with phosphorus 
or phlorhizm The experimental ammals were fed m advance 
for a penod of three to five weeks on Sudan-stamed food Phos- 
phorus was administered subcutaneously, dissolved in oil, phlor- 
hizin similarly in solution in sodium carbonate Other details 
of selected protocols are summanzed in tabular form 


Sudan III in pathological fat IranapoTt and starvation 
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Neither m the foregoing nor in numerous other comparable 
experiments m which a transport of fat (fatty infiltration) ivas 
induced, uas any evidence obtainable of dye m the extracts of the 
liver tissue or in froren sections thereof The constant finding of 
the Sudan III in both the blood and bile makes it evident that 
the dye migrates from the stained adipose tissue and is brought 
to the Iner vhere it is eliminated in the bile The observations 
give an additional indication that the fatty livers in these patho- 
logical conditions are produced by infiltration of fat, font is diffi- 
cult to believe that, if the high content of liver fat had been ob- 
tained bj a degeneration process in the hepatic tissue, such an 
accumulation of dye in the bile nould have taken place 

FAT TR.\N SPOUT TO THE EMBRYO 

The question of the origin of foetal fat has been much debated 
It involves the broader problem of the passage of substances 
through the placental barrier S H and S P Gage (’08) failed 
to find the adipose tissues of the young stained, when stained fats 
ivere fed to pregnant mothers Hofbauer (’05) believed that he 
found particles of dy^e in the foetal blood and assumed that they 
had become separated from fat metabolized by the embryo His 
method — microscopic examination — is scarcely adapted to deter 
mine this point, honever 

Numerous experiments in which we have fed rats and cats with 
Sudan-stained food or Biebnch Scarlet throughout the penod 
of gestation have umformly shown an absence of the dye in ike 
foetus or the newly-born young Two illustrative protocols, selected 
from many similar ones, will suffice to show our method of inves- 
tigation 

Rat C Sudan-feeding was begun sixteen days before the young were 
born The alimentary tract was removed from one of them soon after 
birth Its contents w ere distinctly pink (from mothers milk) The ether 
extract of the entire residual body was uncolored Subsequent examina- 
tion of the mother shoved deeply stained adipose tissue 


” Cf Ahlfeld Cenlralbl f GynacKol , l, p 265, 1877 , Thiemich Cen- 
Iralhl / Physiol , xii, p 850, 1898, Jahrh f KinderheilL , Ixi, p 174, 1905, 
Hofbauer, J Arch f Gynaekol , Ixxvii, p 139, 1906, Oshima Zenlralbl 
f Physiol , XXI, p 297, 1907, Bondi Arch f Gynaekol , xciii, p 189, 1911 
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Cat B Was.fed 80 mgms of Sudan III every second day for eighteen 
days prior to birth of kittens Aside from the stomach contents there was 
no pink in the ether extract of tissues of the young exammed soon after 
birth The adipose tissue of the mother was deeply stained 

Although it IS unlikely from such findings that stained fat can 
passthrough the placenta, this is notnecessanly conclusive evidence 
that the foetal fat has its ongm in substances other than fat The 
findings in the case of the ahmentary epithehal tissues and glandu- 
lar structures however add httle hkehhood to the transport or 
deposition of the fat in a non-stainable combination 

FAT TRANSPORT INTO MILK 

The precise relation of milk fat to food fat and the extent to 
which the latter can pass directly into the mammary secretion 
without first becoming a part of the body stores is not easily deter- 
mined S H and S P Gage (’09) found Sudan III in the milk 
of rats after prolonged feeding with the dye, this, however, is no 
proof of the immediate ongm of the milk fat from the food, since 
the fat depots of the rats were also stained In explanation of the 
observations that foreign food fats have more frequently been 
found secreted in the nulk of smaller ammals (goats, sheep, dogs, 
rats) than of cows, it has been suggested that the milk secretion is 
more directly dependent upon the food supply m the smaller 
species However, the marked differences m the time reqmred 
to stain the adipose tissue of guinea pigs and rabbits with Sudan 
III in comparison with cats and rats, suggests that the discrep- 
ancies noted above may bear some relation to the readiness with 
which the different ammals absorb and store fat 

Experimental We have investigated the appearance of 
Sudan III in the nulk after feeding the dye both before and dunng 
the period of lactation When animals, notably cats, have refused 
to eat stained fat, the dye has been admimstered in capsules either 
directly before or after a meal nch in fat This fact is important 
for successful results In the case of cats and rats the character 
of the milk was determined by exanuning the stomach contents 
of suckling young Needless to say great care must be taken to 

Cf Lusk Science oj Nutnlion, 1909, p 237 
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have the cages scrupulously free from stained food ■nhjch might 
lead to erroneous conclusions 

It IS scarcelj necessary to repeat here the details of the many 
tmls, since the methods are fairly obvious Both Sudan III and 
Biebrich Scarlet uere found to be secreted into the milk by rats, 
Sudan excretion vas likewise observed m cats, guinea pigs and 
a goat In the case of the goat, one gram of Sudan III dissolved 
in oil was added to the feed tuice daily during six successive days 
The milk drawn nine hours after the first dose showed the presence 
of the dye, the tint increasing with the subsequent milkings The 
guinea pigs received 2 cc of stained olive oil every other day 

An important fact m this connection is the observation that 
the color disappears from the milk when the Sudan-feeding is 
discontinued, despite the persistence of the stain in the adipose 
tissues of the secreting ammals This was likewise true in exper- 
iments with Biebnch Scarlet 

The following protocol illustrates the transport of storage stained 
fat during starvation and the passage of the dye into the milk 

Rat 11 Was, fed Sudan-stained food dunng the period of gestation 
Soon after the birth of the joung, April SO, the cage was cleaned and un- 
stained food thenceforth cmplojcd On May 14 the ether extract of milk 
found in the stomach of a suckling rat was uncolorcd The mother was 
non starved two dajs At the end of this time the milk in the stomach of 
another one of the young gave a faintly pink ether extract The adipose 
tissue of the adult was found to be stained still This experiment was 
duplicated wath another mother 

Like S H and S P Gage, we have failed to induce the secretion 
of Sudan III m the milk of cows A Holstein cow was given 7 5 
grams, twice daily, dissolved m olive oil and added to the mash 
feed on three successive days, without positive results In con- 
sidering this we recall that the milk of the goat and guinea pig 
animals in whose diet fat hkewise plays a comparatively small role 
— ^was decidedly faint in color in comparison with the milk of cats 
and rats Bearing m mind the necessity of fat for the transport 
of the dye an explanation at once suggests itself for the inequalities 
here observed 

“•This experiment was conducted at the New York Agricultural Ex- 
periment Station in Geneva, through the kindness of Director W H Jor- 
dan 
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SUMMARY 

Some of the fat-soluble dyes, introduced into the orgamsm by 
vanous paths, are deposited m the adipose tissues andbonemarrow 
The renal and nervous tissues are free from the stain, even when 
the fatty tissues are deeply colored Muscle probably does not 
take up the dye It is seldom found in the hver, because the fat- 
soluble dyes, which are insoluble in water, dissolve readily m the 
bile and are excreted thereby into the intestine from which they 
can be reabsorbed 

The fat-soluble dyes may enter the orgamsm from the alimentary 
tract through the lymphatics, m solution m fat, or by the portal 
circulation, dissolved in reabsorbed bile They do not pass beyond 
the liver unless fat is present to transport them Then they may 
be found m the blood, which is rarely free from the dye in a nor- 
mally fed ammal that has once been stained A cycle between 
intestine, bile and blood becomes established No elinunation of 
the dyes occurs through the kidneys, except when an ahmentary 
hpuna anses (m rabbits and rats) 

Contrary to the assertion of others, the stained fat is no less 
available to the orgamsm than the unstained 
In cases conducive to fat transport — m starvation, phospjiprus 
and phlorhizm-poisomng — stained fat migrates from the stained 
depots to the blood and the hver cells Here the dye is separated 
and secreted into the bile, so that the hver, though havmgahigh 
content of fat, may be free from the dye 

Stained fat does not traverse the placenta The blood of the 
foetus and the fat of young bom of Sudan-stained mothers is free 
from dye 

The excretion of Sudan III and Biebnch Scarlet in milk, when 
they are given with food fat, suggests that the latter may pass 
directly into the mammary secretion With cats and rats the 
results are strikmg, but the dye excretion in milk ceases when the 
stamed food is no longer fed In gmnea pigs and goats the secre- 
tion of dye in the milk is positive, in the cow it has not yet been 
demonstrated The vanation in the outcome in the different 
species may be due to variations in the relative abundance in the 
dietanes of fat necessary for the absorption and transport of the 
dye This explanation is emphasized by the observation that those 
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nnimnls (cats, nts, hens, pigeons) for which fat enters more largely 
into the diet, become stained more easily or speedily than animals 
which are accustomed to ingest relatively smaller amounts of fat 

BIBLIOGUAPHa OF EXPEUIMENTS WITH SUDAN III AND OTHER 
FAT-SODUBDE DIES 

BirDKnMAAA Arch f d ges Physiol , K\ii, p 105, 1898 

Bo^DI and NFUMA^^ Zcntralhl f Btochem u BiophysiK, \, 1453, 1910 

Daddi irch lial dc htol , wvi, p 142, 1896 

risciiFK Ccnlralbl f allgcmctuc Pathol ii pnlhol Anal ,xni,p 943,1902 
FnANZ and Von Stfiskal Zcitschr f flciUundc, win, p 441, 1902 
Gage, S H and S P Science, wvm, p 494, 1903 
G^ge, S H and S P Anat Rcc , ni, 1909 
HoFBAPEn L Arch f d ges Physiol , ixwi, p 203, 1900 
HoFDAtlEn I Gmndziigc cincr Biologic dtr mcitschhchen Placenta mit be- 
sondcrer Bcrdl sichhgunq dcr Pragen dcr fdtalcn Erndhrung, Wien und Leip- 
zig, 1905 

Jacobstoae Vcrhandl d dcutsch pat/iol Gcsellsck, vin, p 380, 1909 
Mann Physiological Histology, p 300-07, 1902 
Mevdee Atncr Journ of Physiol , wiv, p 493, 1909 
JIicnAELiB Dcutsch med , Woehensehr , wmi, p 183, 1901 
Xeisseu and Bkaednino Zcitschr / exper Pathol u Thcrap , iv, p 
747, 1907 

PflOcer Arch f d ges Physiol , ixwi, p 375, 1900 
Riddle Science, w\ii, p 945, 1903 
Riddle Journ of Exper ZoOl , viii, p 103, 1910 
SiTonsKl Am d Akad d Wisscnsch in Krakau, p 542,1905 
Staniewicz Zcntralbl f Biochcm ii Biopkysik , \, 1435, 1910 
Vhitehead Amcr Journ of Physiol wi\, p 294, 1909, xxv, p xxviii 
1909-10 




SOME NEW COMPOUNDS OF THE CHOLINE TYPE H. 


CERTAIN ACYL DERIVATIVES OP a-METHYLCHOLINE, "/S-HOMO- 
CHOLINE” (/3-METHYLCHOLINE) AND 7 -HOMOCHOLINE '■ 

Br G A MENGE 

(From the Dinston of Pharmacology, Uygicmc Laboratory, U S Public 
Health Scrmcc, Washington, DC) 

(Received for publictition, August 31, 1912 ) 


In a preliminary paper^ under the same general title, descnbmg 
the chlondes of a-methylcholme, 

ACE,h //CE,h 

i /\ 

CH, CH 3 CHa 


P, )3-methylethylchohne, Cl , the writer announced 

^CHs COH 

/\ 

CHs CsHs 


that certain acyl denvatives of o-methylcholine bad also been 
prepared The description of these compounds, however, was 
deferred at that time, pending the completion of certain minor 
details of investigation essential thereto These experimental 
details have long since been completed but the published desenp- 
tion of the compounds has been still further delayed by the 
demands of other work Such descnption is here submitted to- 
gether with that of several other acyl denvatives and certain of 
their salts 


A number of acyl denvatives of a-methylchohne chloride have 
been prepared In all cases, except that of the acetyl derivative, 


‘ Submitted, in abstract, to the International Congress of Applied Chem- 
istry, New York, September, 1912 
’ This Journal, x, pp 399-406 

97 


TBK JOURNAL OT BIOLOGICAL CBEMIBTRY# TOL Xllt NO 1 




99 


G A Menge 

alcohol blit soluble m water and m mi\turGS of alcohol and water 
It melts’ mth decomposition at about 222®-223° (corrected) 
Analysis for platinum by ignition resulted as follows 
0 1535 gram salt gave 0 0411 gram Pt 

Calculated for 

Ciin« 04 NjCliPt Found 


The gold salt, 


\CH CHjOCOCHa 


AuCh, was prepared 


in a manner similar to the platinum salt just desenbed and also 
by adding a concentrated aqueous solution of chloraunc acid to a 
concentrated aqueous solution of the acetyl denvative In each 
case the salt separated as a pale yellow, crystalline solid Under 
the conditions outlined in a previous footnote it melts at 124°- 
125 5° (corrected) Analysis for gold by igmtion m the two cases 
resulted as follows 


I 0 1459 gram salt gave 0 0574 gram Au 
II 0 1373 gram salt gave 0 0540 gram Au 


Calculated for 
C.HiiOiNCliAu 
39 48 


Found 
I II 
39 34 39 33 


Benzoyl derivative of a-methylchohne chlonde (benzoyl-j9-meth- 


ylethoxjrtnmethylammonium chloride), Cl N 


^(CHj)3 


"CH CHsOCOCeHs 


CH, 

This compound was prepared by heating the «-methylchohne 
chlonde with a large excess of benzoyl chlonde, m a flask with 
reflux condenser, to 100° (water bath) for about two hours The 
reaction product poured into dry ether yielded an oily precipitate 

’ All "melting points” here reported were determined by the usual capil- 
lary-tube method in a bath of sulphuric acid, using standardized Anschutz 
thermometers for which a correction for emergent stem was not considered 
necessary The rate of heating in all cases was regulated so as to closely 
approximate 5° a mmute withm 20“ to 30“ of the melting point As pointed 
out in Hygienic Laboratorj Bulletin 70, and as corroborated in this and 
other work, the decomposition point may vary quite widely with compara- 
tively slight variation in manipulation 
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which was worked up in the same manner as the acetyl derivative 
except that the last traces of benzoyl chlonde were removed by 
dissolving the oily precipitate m water and extracting several 
times with ether The aqueous layer was then evaporated to 
dryness in a vacuum desiccator, containing concentrated sulphunc 
acid, yielding a white, crystalline, hygroscopic solid The reac- 
tion was apparently neither so smooth nor so nearly quantitative 
as for the acetyl derivative 


The platinum salt of benzoyl-a-methylchohne. 


\CH CHsOCOCsHb 


la PtCls, was obtained by dissolving a 


' CHa ^ 

portion of the above descnbed solid m a little cold water and 
precipitating with a cold aqueous solution of chlorplatinic acid 
It appeared to be quite insoluble in cold water since careful 
concentration of the mother liquor caused no further separation 
Heated in a capillary tube the salt begins to sinter definitely 
and to darken above 233° and decomposes with effervescence at 
236 5° to 237 5° (corrected) Analysis for platinum by ignition 
resulted as follows 


0 1178 gram salt gave 0 0270 gram Pt 


Ft 


Calculated for 
C«mi>0,N,CliPt 
22 87 


Found 

22 92 


The gold salt. 


^CH CH 2 OCOC 6 H 5 j AuCh, was not easily 


^ CH3 

obtained, from the quantity available, m condition favorable 
for accurate analysis It was precipitated from an aqueous solu- 
tion of the benzoyl-chohne derivative with concentrated aqueous 
chloraunc acid and separated as a pale yellow very viscous oil 
It IS quite soluble in alcohol and slightly soluble in hot water 
The phenylacetyl denvative of a-methylcholme chlonde 

(phenylacetyl-/?-methy]ethoxytrimethylammomum chlonde), 

Cl ^ was prepared in the following man- 

\CH CHsOCOCHjCeHs 
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ner About 1 gram of a-methylcholine chloride was mixed m a 
Carius tube 'mth a moderate excess of phenylacetylchlonde, the 
tube was sealed, heated in boiling water for about five hours, 
allow ed to stand m the cooling bath over night, and the product 
poured into dry ether As m previous cases the acyl denvative 
separated in an oily condition 

In order to test the stability of the phenylacetyl group m the 
molecule a small portion of the oily product was taken up in cold 
w'ater, extracted with ether, and the aqueous solution evaporated 
to dryness on a w ater bath The residue obtained was dissolved 
m alcohol and precipitated with alcoholic chlorplatimc acid A 
platmum analysis of the resulting salt indicated, with practically 
theoretical accuraciq the platinum salt of a-methylcholine, sug- 
gesting that either the acylation had not proceeded at all or com- 
plete sapomfication of the ester had resulted from the treatment 
with water 

The remainder of the original oily residue was taken up in cold 
w ater, extracted with ether, and a portion of the aqueous solution 
treated at once with aqueous chlorplatimc acid A yellow, more 
or less waxy, precipitate separated which proved to be the platinum 
salt of the phenylacetyl derivative, 

\ 

( ^CH CH 2 OCOCH 5 C 6 H 5 I. PtCh It IS insoluble in absolute 

V U > 

alcohol but soluble even in cold water The attempt to concen- 
trate the mother hquor on a water bath, however, resulted in 
decomposition On heating the salt m a capillary tube it shows 
the effect, shghtly, as low as 219°, turns dark gradually above 229° 
and decomposes with effervescence at about 245 7°-246 7° (cor- 
rected) 

Analysis for platmum by igmtion resulted as follows 

0 1021 gram salt gave 0 0225 gram Pt 

Calculated for 

C,iH«OiNiCI«Pt Found 

Pt 22 14 22 04 

As in the case of the benzoyl derivative the gold saltofctifep^^lj^ 
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acetyl denvative, I ^CH CHzOCOCHzCeHs I AuCh, separates 
^ Ah3 ' 

as an oil and could not readily be obtained in a condition favor- 
able for melting point determination and analysis It is readily 
soluble in hot water and slightly soluble in 95 per cent alcohol but 
appears to undergo decomposition m both cases as shown not only 
by analysis but also by marked change m melting point One 
sample of the salt, undoubtedly impure, melted slowly over a 
wide range from about 140°-160°, but on recrystallizmg from hot 
water (yielding well-formed crystals) it melted at about 192°-194°, 
which approximates the melting point of the gold salt of a-methyl- 
chohne itself, 197°-198 5° (corrected) Similar observations were 
made on the behavior of the platinum salt It appears therefore 
that the phenylacetyl denvative of a-methylchohne is not a very 
stable compound either in the form of the chlonde, the platinum 
salt, or the gold salt 

For the purpose of companson, both physiologically and chemi- 
cally, with the choline denvative just descnbed the corresponding 
derivative of “/3-homocholine”^ (/3-methylcholme) chlonde was 
prepared 

Phenylacetyl-/3-methylchohne chlonde (phenylacetyl-/S-oxypro- 

^(CH3)3 

pyltnmethylammomum chlonde). Cl CHOCOCHjCeHs 



This compound was prepared by heating a mixture of the cor- 
responding chohne chlonde and phenylacetyl chlonde (m excess) 
in a sealed tube to 100° (water bath) for about three hours As 
with the other preparations descnbed, treatment with dry ether 
precipitated an oily semi-sohd product A portion of this was 
converted into the platinum salt, analysis of which indicated a 
mixture of the unaltered j8-methylcholme and the desired denva- 
tive 

An attempt to separate this mixture into its component salts by 

* Other acyl derivatives of "/J-homocholme” have been prepared in this 
Laboratory and are briefly described by Hunt and Taveau in Hygienic 
Laboratory Bull No 73, U S Public Health Service , 
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frictional crystiiIi7i\tion from hot water was successful Two 
distinct frictions wore obtained The less soluble fraction showed 
a molting point of about 250“ corresponding to that reported by 
Hunt and Taveau'' for “/S-homocholme” platinum salt The 
more soluble (smillcr) fraction melted at 216°'-2l7“ (corrected), 
and analysis for platinum indicated it to be the platinum salt of 
pheny]acetyIi?-methylchohne, 

( nCHs CHOCOCHjCcHs L PtClfl, as shown in the follow- 

^ CHj ' 

mg data 

0 1052 gram salt gave 0 0233 gram Pt 

Calculated hr 

CriHdOiNiClaPt Found 

Pt 22 14 22 IB 


This experiment demonstrated m a striking way the greater 
stability of this particular denvative of ;5-metby]ehohne as com- 
pared with the same denvative of a-methylchohne (described 
above) under similar conditions, and suggests the possibility of a 
general rule to the effect that esters of secondary alcohols are less 
easily*- sapomfied than the same ester of isomeric pnmary alcohols 
A second preparation of pheny]acetyI-,5-methylchohne, involv- 
ing the same quantities of reagents as m the first, was made m a 
successful attempt to obtain a moire quantitative reaction The 
mixture m a sealed tube was heated m a boihng water bath for 
about seven hours It was then transferred to a tube-furnace and 
heated to 150° for about one hour The reaction product, treated 
as in previous preparations, was converted into the platinum salt, 
which without recrystalhzation analyzed as follows 

0 1076 gram salt gave 0 0238 gram Pt 

Calculated for 

CnH< 40 iN(Cl(Pt Found 

Pt 22 14 22 03 


The gold salt of this derivative, 

* Hygienic I/aborator> Bull No 73, U S Public Health Service, footnote, 
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I CHs CHOCOCHaCeHs 1 AuCh, was also prepared, using 

CHi ' 

chloride of the base that had been standing in a vacuum desiccator 
for about four weeks On adding chlorauric acid to an aqueous 
solution of the cholme chloride the gold salt separated as a pale 
yellow oil which quickly became crystalhne on rubbing On heat- 
ing in a capillary tube it sintered slowly above 60°, fused with 
out flowing at 74 5°-76°, became limpid and fairly clear at about 
85° (not corrected) Analysis for gold by igmtion resulted as 
follow's 

0 lOSO gram salt gave 0 0374 gram Au 

Calculated for 

ChHwOjNCIiAu Found 

Au 34 28 34 63 

From the aqueous mother liquor on standing a considerable 
further separation of flaky crystals resulted In a melting point 
determination this fraction showed the same general behavior as 
the crystallized oil, but at a higher temperature, fusion to a mushy 
mass occurring at 86 5°-88 5° instead of at 74 5°-76° Analysis 
disclosed the considerably higher gold content of 36 79 per cent 
The crystallized oil fraction, which was slightly soluble m cold 
water and m cold absolute alcohol but readily soluble m these 
solvents hot, w'as dissolved in a little hot water from which on 
cooling it separated in flaky crystals This fraction showed a 
further difference m melting point, fusing at 114 5°-! 16 5° and 
becoming a clear limpid liquid at 118° (uncorrected) The remain- 
ing matenal was insufficient for analysis 

In view of the data derived from the platinum salt of this deriva- 
tive the above described behavior of the gold salt would suggest 
decomposition of the gold salt rather than serious impurity in the 
original product, though there is the alternative possibility (which 
W'as not verified) of partial decomposition of the chlonde of the 
base on long standing in a vacuum desiccator 

For comparison ivith the phenylacetyl derivatives already 
described the corresponding derivative of “ y-homocholine ® 

•Other acyl derivatives of “T-homocholme” have been prepared in this 
laboratory and are briefly described by Hunt and Taveau in Hygienic 
Laboratory Bull No 73, U S Public Health Service 
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Nca ca cH,ooocac.H.’ 

pound was prepared by the same method applied to the /3-com- 
pound Onl}'- two hours’ heating in the water bath, however, 
appeared sufficient to induce complete reaction As m other 
cases the crude reaction product was oily but on concentrating, in 
a vacuum desiccator, a portion of the aqueous solution, after 
extracting wath ether, it gradually separated as a white flaky solid 
Another portion of the aqueous solution was precipitated with 
chlorplatimc acid forming the platinum salt, 

^CHj CHj CH-OCOGHjCsHb/ 
insoluble in alcohol and difficultly soluble m hot w'ater from which 
it cry^stallizes in individual, and clustem of, stocky prisms It melts 
sharply with decomposition at about 193° to 194° (corrected) On 
Ignition 


PtCle This salt is practically 


0 1031 gram salt gave 0 0230 gram Pt 


Pt 


Calculated tor 
CrrHMOiNiCUPt 

22 14 


Fouad 
22 31 


The gold salt of this derivative, 

\ 

I AuCh, was precipitated from 
^CHnCHsCEjOCOCHsCeHs/ 
aqueous solution wath aqueous chloraunc acid and separated as 
a pale yellow, crystalline sohd It is nearly insoluble in cold 
water and rather difficultly' soluble in warm water from which on 
coohng it separates in flaky crystals The solubihty m absolute 
alcohol is considerably greater than in water It melts slowly 
wath slight effervescence at 129°-131° (corrected) On igmtion 


0 1073 gram salt gave 0 0370 gram Au 


Au 


Calculated for 
CmHbOiNCIiAu 

34 28 


Found 

34 48 


The propionyl derivative of a-methylchohne chloride (propionyl- 
/3-methylethoxytrimethylammomum chloride) , 
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^(CH3)3 

”\oH,CttOOOCH,CH.- 

CH, 

and procedure already fully described Analysis of the crude gold 
and platinum salts indicated that the reaction was still not quite 
complete after heating the mixture of a-methylchohne and prop- 
lonyl chlonde (in excess) in a sealed tube for between three and 
four hours in a boilmgwater bath No attemptwas made to purify 
the gold salt, analysis of which, however, indicated a sufficient 
degree of punty for prehmmarypharmacological purposes as shown 
in the following data 

0 2 gram salt gave 0 0776 gram Au 

Calculated for 

CfHjoOjNCliAu Found 

Au 38 43 38 8 

The platinum salt was punfied by recrystalhzmg from hot water 
The pure salt decomposes, under the conditions previously out- 
lined (footnote 3), at about 231°-232° (corrected) On igmtion 
for platinum analysis 
0 1101 gram salt gave 0 0285 gram Pt 

Calculated for 

CnHioOiNiCIiPt Found 

Pt 25 77 25 88 

Valeryl, monobromisocapronyl, and palmityl denvatives of 
a-methylchohne were also prepared by the method descnbed 
The valeryl denvative (valeryl-/3-methylethoxytnmethylammo- 

^(CH3)3 CH, 

mum chlonde, Cl N'^ / was obtained in pure 

\CH CH2OCOCH 

I \ 

CHj C2H0 

form without difficulty The platinum salt, precipitated from 
aqueous solution, on heating in a capillary tube gradually smters 
above 219° and decomposes with effervescence at about 228 - 
229° (corrected) Igmted for platmum 
0 1526 gram salt gave 0 0367 gram Pt 

Calculated for 

CBH,iO.N.CI.Pt Found 

Pt 23 99 24 05 
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The gold salt separated as an od from both aqueous and alcoholic 
solution On standing over night at room temperature it crystal- 
lized (prisms) Heated in a capillary tube it sinters sharply at 72” 
and IS completely melted on slowly heating to 75” It is practically 
insoluble in cold water, slightly soluble in cold absolute alcohol and 
in hot water, and readily soluble in hot alcohol Analysis for gold 
resulted as follow's 

0 1224 gram salt gave 0 0449 gram Au 

Calculated for 

CitHtiOjNCliAu Found 

Au 3C 44 36 68 

Subsequent investigation of the valeryl derivative, by means of 
platinum and gold preparations, indicated that it had detenorated 
on long standing in a vacuum desiccator 

The monobromisocapronyl denvative (a-bromisocapronyl-j3- 
methylethoyj'tnmethylammomum chlonde) , 

CH, 

Cl / was obtained without seri- 

\CH CH:0 CO CHBr CH,CH 

1 \ 

CH, CH, 

ous difficulty, though perhaps not perfectly pure, after about five 
hours’ heating of the reacting mixture in the water bath The plati- 
num salt, freshly precipitated from aqueous solution, appeared of 
waxy consistency but became more granular on rubbing with a glass 
rod Precipitated from alcohohe solution it was still more waxy in 
character It is practically insoluble in absolute alcohol, cold or 
hot, and in cold water, but dissolves slowly m hot water from which 
on coohng it separates in a dense fiocculent mass, isolated patches of 
which appeared, under the microscope, to be clusters of very fine 
needles The clean dry salt, heated in a capillary tube, decom- 
poses at about 226‘’-227° (corrected) On igmtion for platinum 

0 1507 gram salt gave 0 0291 gram Pt 

Calculated for 

CiiHiuOiNiCliBrjPt Found 

Pt 19 52 19 31 

The gold salt of this denvative, which separates from aqueous 
solution (and persists) as a reddish oil, could not be obtained in 
sufficient punty to give a satisfactory analysis 
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A first attempt to prepare the palmityl denvative of a-methyl- 
cholme (palniityl-/3-methylethoxytnmethyIaiiiinomum chlonde), 

„ .resulted, asdetermmedbyplatinumsalt, 

'Oijl OXI2U 


CH, 

m absolute failure The expenment was repeated takmg special 
precautions to use dry reagents The mixture, mcludmg a larger 
excess of palmityl chlonde than m the first attempt, was heated 
in a water bathfor about six hours and allowed to remain sealed and 
standing in the coohng bath over mght On pounng the reaction 
product into dry ether a finely divided white waxy sohd, more or 
less oily, separated This proved to be so much less soluble in 
water than the other acyl denvatives that preparation of the plati- 
num salt from aqueous solution was impractical Analysis of the 
platinum salt, precipitated from alcoholic solution, mdicated the 
reaction product to be a mixture of unaltered a-methylchohne 
chlonde and the palmityl denvative The salt was treated with 
hot water and heated with stimng on a water bath A compara- 
tively small part of it dissolved readily, the rest remaming appar- 
ently unaffected even on the addition of more water The dis- 
solved portion, largely recovered by concentration of the mother 
hquor, gave analytical results for platinum which were practically 
theoretical for the platinum salt of the unaltered base The undis- 
solved portion proved to be, as mdicated by analyses for platinum, 
the platmum salt of the pahnityl denvative It is practically 
insoluble in alcohol and in water, cold or hot Heated m a capil- 
lary tube it decomposes with effervescence at about 240°-241° 
Duphcate analyses for platinum by igmtion resulted as follows 


I 0 1005 gram salt gave 0 0172 gram Pt 
II 0 1006 gram salt gave 0 0173 gram Pt 

Calculated for Found 

C«HBOiN,CliPt I U 

Pt 17 39 17 12 17 2 


The gold salt of the palmityl derivative. 


n/™’- 'I 

\CH CHjOCOCisHsi AuCh, was also prepared but was not 
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easily obtained pure It is too soluble in absolute alcohol to be 
prepared m that medium or to be recrystallized from it, but when 
water is added to the alcoholic solution the salt separates as a pale 
yellow greasy precipitate, which was made more definitely crystal- 
line by cashing with ether It is readily soluble m absolute 
alcohol, slightly soluble in water and in ether It melts (not 
sharply) at about the same temperature as the gold salt of the 
valeryl derivative (72°-75°) A large part of available salt was 
lost by decomposition in attempting to dry it in an air bath at 
about 80° The small remainder was more carefully dned, and 
analyzed for gold by igmtion (to constant weight) 

0 OaSO gram salt ga%e 0 0275 gram Au 

Cotaiinted for 

CnHiiOiNCliAu Found 

Au 28 37 28 06 

Since the publication of the prehmmarj' paper cited above the 
development of new compounds of the chohne type has been con- 
tinued in this laboratory, as opportunity permitted, with more or 
less success Some of the results obtained in this later work will 
be submitted for publication at an early date 




A STUDY OF THE TRYPTIC PROTEOLYSIS OF 
CYNOSCION REGALIS 

Br GEORGE F BTfflTE and ADRIAN THOMAS 

(From the Laboratories of the U S Bureau of Fisheries, Woods Hole, Mass , 

Clark College, Worcester, Afass and Richmond College, Richmond, Va ) 

(Rccci\ cd for pubhcotion, September 3, 1912 ) 

It IS frequently desired to compare the rate and course of diges- 
tion of various proteins by enzymes, according to methods which 
vhile not complicated mil give distinctive and reliable results 
Van Slyke’s^ method for the deternunation of amino-acids has been 
successfully apphed by White and Crozier= to a comparison of 
the tryptic proteolysis of beef and several fish meats The ease 
of manipulation of the apparatus, the brief time required for a 
determination and the regularity of the experimental data, makes 
the process generally useful Also the conclusions drawn conform 
mth those from metabolism experiments, making the results of 
still greater value 

The method which Sorensen^ has proposed for the estimation 
of anuno-acids and polypeptides, by titration with caustic soda 
after the addition of formaldehyde, by its simplicity suggests 
itself for artificial digestion processes It is the object of this 
article to show its application to the hydrolysis of Cynoscign regahs 
(squeteague, weakfish) by tryjism, and to compare the results mth 
those obtained by Van Slyke’s method 

The squeteague was boiled in water for one-quarter of an hour, allowed 
to dram from excess of liquid and preserved ice-cold An analysis of two 
samples gave an average of 4 52 per cent N 

The digestion vos carried on in 250 cc xolumetno flasks placed m a 
thermostat kept at a temperature of 37 S^C Enough meat to furnish 1 5 
grams of mtrogen was weighed out, ground up with water together with 


* This Journal, ix, p 185, 1911 
^ Journ Amer Chem Soc , xxxm, p 2042, 1911 
’ Biochem Zeitschr , vii, p 45, 1907 
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1 12 Tryptic Proteolysis of Cynoscion Regalis 

1 gram of trypsin, and this mixture poured into the flask Twenty-five 
cubic centimeters of sodium hydroxide solution were added and the 
whole made up to 250 cc with water A little chloroform was then added 
Trypsin is presumably most active in a medium which is alkaline with 
sodium carbonate, but the presence of this salt would interfere with the 
titration fot the amino-acids where phenolphthalein rnust be used as an 
indicator, so that the alkalinity was ensured by the addition of the hydrate 
Separate mixtures were made and analjses run in duplicate for the tune 
periods of one, one-half, two, five and eight hours respectively A sample, 
similar to the above but contaimng no trypsin, was also prepared and ana- 
lyzed with the others according to the following method 

At the end of the desired time of digestion, the mixtures were filtered 
and aliquot portions of the filtrate taken for the various tests Ten cubic 
centimeters were used for the determination of total soluble nitrogen by 
the Kjeldahl method, 10 cc for the amount of ammo nitrogen by Van Slyke’s 
method and 20 cc were treated with 10 cc of 40 per cent formaldehyde 
solution and titrated to a distinct pink color with -nr sodium hydroxide 
solution We found that in every case an excellent end point was obtained, 
dupJjaat-e analyses agrccong wjthm 02 per cent Jlinnlly, JO cc of the 
filtrate from the digested fish were completely hydrolyzed by prolonged 
digestion on the water bath with 40 cc of concentrated hydrochloric acid 
This solution was evaporated to dryness, made up to 60 cc wnth water, 
10 cc tested for amino nitrogen by Van Slyke’s method and 20 cc analyzed 
for amino-acids by Sorensen’s method 
All the results obtained as above were corrected for ammo nitrogen before 
and after complete hydrol 3 'sis, for total soluble mtrogem and for amino- 
acids as determined by titration wnth caustic soda, by carrying through 
the same experiments with the trypsin and alkali but with no protein 
Correction was also made for the alkali required to neutralize the formal- 
dehyde solution 

TABLE I 

Total and ammo nitrogen in solutions of Cynoicion regalis 
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In table I are presented the results obtained by applying Van 
Slyke’s metbod to the tryptic proteolysis of squeteague The 
average size of the peptides was calculated by dividing the amount 
of ammo nitrogen present after complete hydroljsis with hydro- 
chloric acid by that in the solution before such hydrolysis The 
last two columns of data show' the increase with time of the 
proportion of soluble to insoluble nitrogen and of ammo to total 
soluble nitrogen respectively 
The average results of duplicate analyses are given 

TABLE II 


Analysis hy Sorensen's inclhod of solutions of Cynoscion regahe 
Hydrolyzed hy trypsin 
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In table II are given the average results of the analysis of the 
proteolyzed solutions according to Sorensen’s method In column 
2 the figures represent cubic centimeters of sodium hydroxide 
solution required for neutrahzation after addition of formaldehyde 
solution Column 3 is the same for the solutions after complete 
hydrolysis with hydrochloric acid The next column gives the 
ratio of the latter to the former In column 5 are given figures 
for ammo mtrogen calculated from the data m column 2, while 
m the last column the values of the calculated ammo mtrogen 
are expressed as percentages of the total soluble mtrogen 
Prom table I it is seen from the ratio of the soluble to total 
mtrogen that the fish meat goes very rapidly into solution, 74 32 
per cent of the mtrogen being m solution at the end of one-half 
hour’s digestion Solution, however, is not complete m eight hours’ 
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time, a fact which is apparently not m harmony with the results 
of White and Crozier,^ who found with the proteins they studied 
that all the nitrogen was in the soluble form in from four to eight 
hours The trypsin used, a commercial sample, was of the same 
activity m both senes of experiments These latter expenments 
were carried on in a medium made alkaline with sodium carbonate, 
while the expenments descnbed in this article reqmred sodium 
hydroxide for reasons already stated Schierbeck* has proved that 
the action of ti^qisin m digesting proteins is accelerated by the 
presence of carbon dioxide m solutions which are slightly alkaline. 



Fio I Abscissae — Time in hours 

r\ It i Soluble Nitrogen 

Ordinates— 100 X rrx i l — 

Total Nitrogen 


Abscissae — Time in hours 
Ammo Nitrogen 
Soluble Nitrogen 
I By Sorensen’s method 
II By Van Slyke’s method 


Pig 2 
Ordmates — 100 X 


and it IS very probably at least due partly to this fact that the 
above differences are found The vanation of the proportion of 
soluble to total mtrogen with mcrease of time is shoum graplucailj^ 
in figure 1 Extrapolation of the curve would indicate that the 
squeteague would be completely dissolved m about fourteen hours 
White and Crozier have shown that their artificial digestion 
expenments gave results agreeing closely with those obtained from 

< Loc at 

‘ SJ and Arch f Physiol , iii p 344, 1892 





George F White and Adrian Thomas 


115 

metibohsm -work with dogs, rates of digestion of different proteins 
being in the 'I'lnie relation to each other Van Slyke and White,® 
in a study of the relation between the digestion and retention of 
ingested proteins, found that squeteague is digested more slowly 
than either beef or cod From the above facts, it is fair to conclude 
that the tardy solution of the squeteague by trypsin, shown by 
our data, is not alone duo to the absence of carbon dio\ide, but 
is a consequence of the inherent nature of the protein itself 

The ammo nitrogen m solution increases of course with length 
of time The average swe of the peptides split off from the protein 
should be especialljmotcd From these data and the experiments 
of VTiite and Crorier it is evident that the proteins studied break 
down into simple cleavage products practically as soon as they 
go into solnhon At the end of one-half hour’s digestion the aver- , 
age size of the peptides is only 2 02 — the cleavage products on the 
whole are indicated to be ammo-acids The cleavage of certain 
proteins by trypsin has been inti nateiy studied, and it is Imown 
that some amino-acids are readily formed while others are pro- 
duced very slowly or not at all The above results, however, 
show that the greater portion of the ammo mtrogen in solution 
exists in bodies of exceedingly simple character The significance 
of this, physiologically, cannot be pointed out here but will be 
resented for future discussion 

The relation of the amino to the total soluble mtrogen is shown 
in figire 2 After eight hours’ digestion only 28 35 per cent of 
the nitrogen is in the ammo form This is a confirmation of earher 
work which, as just mentioned, has shown that there are certain 
substances which resist the hydroljdic action of trypsin altogether 
The increase in the proportion of ammo mtrogen during the eight 
hours’ digestion is seen to be very slight, and we must conclude 
therefore that cleavage of the meat, while yielding amino bodies 
of a simple nature, leaves the greater part of the soluble mtrogen 
combmed in substances which are extremely stable 

The same conclusions may be drawn from the results of our 
experiments involving Sorensen’s method In figure 2 the curves 
are of the same slope, although of course only approximate figures 
are expected on assuming the presence of one ammo group for 


‘ This Journal, ix, p 226, 1911 
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each carboxyl group indicated by the sodium hydroxide required 
The ammo mtrogen thus estimated is regularly greater than that 
directly determined by the nitrous acid method, and the peptides 
as computed are about 1 5 times as large It is possible that m 
such calculations, this effect is produced by the presence of such 
monamino-dicarboxj'hc compounds as glutamic acid The dis- 
crepancy in the results is not of such a magmtude as to prevent 
deducing rigid conclusions concermng the rate and general course 
of digestion of such proteins as the one under investigation 

SUMMARY 

1 Sorensen’s method for the determination of ammo-acids was 
apphed to a study of the tryptic digestion of Cynoscion regalis 
The results were found to be regular and m accord with those 
obtained by the mtrous acid method of analysis for ammo mtrogen 

2 The relatively low rate at which the protein is made soluble 
agrees with the results of metabolism experiments 

3 Very low cleavage products are formed as soon as the protein 
goes into solution, the average size of the peptides being 2 02 after 
one-half hour’s digestion 

4 There is a very stable mtrogen complex which is not attacked 
by trypsin 
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Benzoic acid, circulating m the fluids of the body, combines 
with glycocoll and removes this intermediary product of protem 
metabolism from further decomposition The extent to which 
the elimination of glycocoll can thus occur, depends upon the 
glycocoll w'hich is available, the amount of benzoic acid present 
and the rapidity with which the hippuric acid synthesis takes 
place There is no reason to believe that a reserve of free or 
preformed glycocoll, sufficient to account for the quantities of 
hippunc acid eliminated m the unne, exists in the body The 
apparent mdependence of the process of glycocoll formation from 
the general mtrogenous metabohsm in the body under certain 
conditions (such as pure carbohydrate feeding), which we have 
demonstrated in our previous investigation,* points strongly to 
the conclusion that most of the glycocoll obtained as hippunc 
acid IS the result of a synthetic production of the substance in 
the body 

The attempts made by a number of investigators to cause the 
synthesis of glycocoll m the body from simpler substances have 
thus far faded On the other hand, in the absence of such evi- 
dence, the facts at our disposal also justify the belief that glyco- 
coll can arise from the higher ammo-acids Magnus-Levy® regards 
leucine as bemg capable of conversion into glycocoll 

He concludes by computation on a theoretical basis that most 
of the glycocoll obtained m benzoic acid experiments can anse 

* Epstein and Bookman this Journal, x, p 353, 1911 

® Magnus-Levy MUnch med Wochenschr , lu, p 2168, 1905 
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from the leucine radical of protein Free leucine however does 
not yield glycocoll® It is only when given as a benzoyl com- 
pound that it appears to be entirely converted into gh^cocoll 
This deduction is based principally upon twm facts, namely, that 
practically no benzoyl leucine appears, as such, m the unne after 
administration of large amounts of the substance and that other 
benzoylized amino-acids do not lead to the production of hippunc 
acid ^ 

If we accept these facts then we must at once conclude that 
leucine as such does not appear as an intermediary substance m 
the course of glycocoll production, and that the leucme-bearmg 
portion m protein undergoes a different form of decomposition 
in the presence of benzoic acid than that which leads to the hher- 
ation of leucine itself This gams support from the facts elicited 
in our pre\aous study that in the course of the production of glyco- 
coll, follownng the administration of benzoic acid, there does not 
occur an}’’ massive decomposition of protem comparable with 
that which accompanies phosphorus poisomng and the consequent 
liberation of leucme and other amino-acids 

In bnef, if the leucine radical is capable of yielding glycocoll m 
response to benzoic acid, it must be by some process which does 
not affect the other protem radicals to any appreciable extent 
Under the conditions of expenmentation recorded by Magnus- 
Levy, it seems possible that the increased glycocoll output as 
hippunc acid,® following the adnumstration of benzoyl leucme, 
IS not the result of a direct conversion of leucme into glycocoll 
Benzoic acid does not couple leucme m the body The leucme 
however is decomposed The effect of a pnmarj^ benzoyhzation 
in vitro upon leucme may therefore be such as to render it sub- 
ject to complete decomposition m the body into substances which 
are ultimately sjmthesized mto glycocoll The final product (gly- 
cocoll) must then be regarded as the result not only of a cleavage 
process but of a synthesis as w'ell On the other hand, it is also 
conceivable that the leucine of the benzoyl compound undergoes 
complete decomposition without taking part m the production 

»Mngnus-Levj loc cU , Cohn Arehiv f exp Path n Pharm , x\vui, 
p 177, 1902 

' Magnus-Lc\ v loc ctl 

‘Magnus-Le\j loc nl 
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of gb'cocoli, and the ben^ojd radical winch is set free is coupled 
iMth glycocoll furnished b}' the body in much the same manner 
as benroic acid 

It was with the object of inquiring into this particular ques- 
tion that the present investigation was made To determine 
this, three sets of experiments were performed In the first of 
these, various amounts of benzoic acid were administered to rab- 
bits, after the maximum output of hippuric acid was established, 
leucine was given subcutaneously and the effect upon the pro- 
duction of hippuric acid was studied 
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The results obtained in these expenments are m accord with 
those of IMagnus-Levy® and of Cohn ’’ Leucine evidently does 
not increase the glycocoll output It appears that the amount 
of hippunc acid eliminated in the leucine period (III, table 1) 
IS considerably less than that m the control period (II, table 1) 
The leucine nitrogen appears as extra mtrogen, but not as leucine 
free leucine could not be detected m the urine 
In the second set of expenments, rabbits were given defimte 
amounts of benzoic acid and the maximum hippuric acid output 
W'as established, then the dose of benzoic acid was increased and 
the effect of this increase upon the total hippuric acid output 
noted Subsequently the animals were given the original quan- 
tity of benzoic acid and, m addition, benzoyl-leucine was given 
in such amounts that the benzoyl radical was the molecular equi- 
valent of the extra dose of benzoic acid 


' Lac Cl I 
' Loc at 
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Condensed Table 2 Daily average for each period 
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On comparing the benzoyWeucme penods with their corre- 
sponding control penods in these experiments we find that a much 
greater output of hippunc mtrogen occurs m the benzoyl-leucme 
penods This increment is much greater than the leucine radical 
of the benzoyl compoimd could possibly furmsb 
In the first set (table 2) the hippunc mtrogen of the first ben- 
zoic period (II, in which the animal received 2 5 grams of benzoic 
acid daily) amounts to about 13 per cent of the total nitrogen 
In the second benzoic penod (III, when the dose is increased to 
3 125 grams daily) the hippunc mtrogen eliminated compnses 
19 per cent of the total mtrogen In other words, the additional 
0 625 gram of benzoic acid caused an increase in the hippunc 
mtrogen output amounting to 6 per cent of the total mtrogen 
Upon returning to the onginal dose of benzoic acid (2 5 grams 
daily) m the third penod, the hippunc mtrogen output is again 
13 per cent of the total In the following penod (V, table 2), 
when benzoyl-leucme is given m place of the extra 0 625 gram 
of benzoic acid, the hippunc mtrogen nses to 27 per cent of the 
total If we allow 19 per cent of this for the benzoic acid equiva- 
lent, then there is a balance of 8 per cent mtrogen to the credit 
of the leucine This is almost the exact eqmvalent of mtrogen 
fvirmshed by the leucine (0 094 gram) 

Although the results of the second set of benzoyl-leucme expen- 
ments differ from the first m a number of details, they point never- 
theless to the same conclusion In the first benzoic penod (11, 
table 3) the hippunc mtrogen constitutes 18 per cent of the total 
ehmmated in the unne An additional 0 5 gram of benzoic acid 
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daily does not seem to cause an 5 '^ greater output of hippuric 
mtrogen — which m the third period (III, table 3) comprises 16 per 
cent of the total nitrogen Upon returning to the original dose 
of benzoic acid (IV, table 3) the hippunc mtrogen remains at 
the same level, 16 per cent of the total But when, m addition 
to the benzole acid, the benzoyl-leucine is given in such amounts 
that the benzoyl radical is equivalent to 0 5 gram of benzoic 
acid, the hippunc nitrogen rises and comprises 37 per cent of the 
total urmarj’’ mtrogen In other words, an increase of 21 per 
cent IS noted in this period (V, table 3) over the corresponding 
control period (III, table 3) Of this amount the leucine could 
furmsh nearlj’' 11 per cent or half of the e\tra hippunc nitrogen 
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On the basis of the preceding experiment (table 2) the other 
half of the extra hippunc mtrogen ehmmated is probably due to 
the independent action of the benzoyl radical These results there- 
fore mdicate that benzoyl-leucme possesses a double efficiency m 
the production of hippunc acid first by the conversion of leucine 
into glycocoll and secondly by the independent action of the 
benzoyl radical m couphng up available glycocoll 

In view of the fact that free leucine does not yield glycocoll, 
whereas benzoyhzed leucine evidently does, it seems probable 
that the leucine does not occur as an intermediary body in the 
normal metabohsm In the third series of experiments an attempt 
IS made to ascertain whether, under conditions m which leucine 
occurs in the native state as an intermediary product of metabo- 
hsm, the formation of glycocoll is mfluenced m any way 
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With a view to this end, a study of the production of hippu- 
ric acid in animals poisoned with phosphorus was made 
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Without the administration of benzoic acid, poisoning with 
phosphorus does not increase the hippuric acid output Traces 
of leucme however are found in the urine 
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Condensed Table 6 Daily average for each period 
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Phosphorus poisonmg m a feedmg ammal, receiving benzoic 
acid, causes no change m the amount of hippunc acid (and hence 
glycocoll) elumnated, although it causes a very stnkmg increase 
in the total mtrogenous metabolism Leucme could not be de- 
tected in the imne This result is constant, as repeated expen- 
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meats show (tables 5 and 6) The hippunc acid output m the 
poisoned animal can fall below that of the control period, whereas 
the total urinary nitrogen may rise very high (table 6) 

The result is somewhat different when a similar experiment 
IS performed on a fasting animal 
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The influence of the three factors, namely, fasting, benzoic 
acid and phosphorus (singlj'’ and collectively), upon the course 
of protein metabolism and glycocoll formation, is clearly illus- 
trated m this experiment (table 7) In the fasting period the 
production of hippunc acid caused by the benzoic acid is less than 
m the normal control period, although the total mtrogen out- 
put IS high Upon returning to normal feeding the total nitro- 
gen drops below and the hippunc mtrogen rises considerably 
above the preceding period With the development of phos- 
phorus poisomng (m a fasting animal, receiving benzoic acid) 
and its attendant massive protem decomposition, there occurs 
an even greater output of urinaiy mtrogen than in any of the 
preceding penods, and the hippunc nitrogen also rises above the 
control fastmg penod The unne shows the presence of traces 
of leucine 

The increased elimination of hippunc acid, observed in the 
expenment just described, must be attributed to the excessive 
breakdown of protem, additional glycocoll probably being derived 
from that source The very large amount of extra mtrogen elim- 
inated IS an evidence of this The absence of any very appreci- 
able amount of leueme may be interpreted m one of two ways 
VIZ , that the leucine leads to the production of glycocoll on the 
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one hand, or, that it leads to the formation of mtrogenous bodies 
other than glycocoll From the evidence furnished by these 
expenments it caimot be said, however, that native leucme plays 
a direct role in the production of glycocoll m the body 

StlMMAHY 

Free leucine does not yield glycocoll although it undergoes 
decomposition m the body 

When benzoyl-leucme is given, in addition to a defimte dose 
of benzoic acid, the output of hippunc acid is much greater than 
the leucine, alone, allows It seems that the increase m the total 
glycocoll eliminated is partly due to the leucme and partly to the 
independent action of the benzoyl radical 

Phosphorus poisomng in a normal ammal causes no increased 
production of glycocoll or hippunc acid Phosphorus poisoning 
in an animal receiving benzoic acid also fails to increase the hip- 
punc acid output The fasting animal, when treated with ben- 
zoic acid and then poisoned with phosphorus, ehnunates more 
glycocoll than the non-fastmg animal, but the increase must be 
attnbuted to a greater amount of the substance being available 
for s3mthesis with benzoic acid as a result of a massive decomposi- 
tion of protein 

In conclusion it may be said that the experiments here recorded 
do not afford any definite evidence of the conversion of native 
leucme into gBrnocoll In the absence of such evidence it appears 
likely that much of the glycocoll liberated upon feeding benzoic 
acid IS the result of a synthetic process in the body 

The detailed results of the foregoing ex^periments are given in 
the accompanying tables 
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TABLE 0 



Animal died 


TABLE 7 

Rabbit 6 Phosphorus poisomnf; ezpcnmcnta 


Albert A Epstein and Samuel Bookman 



66 hours Leucine found in urine 



COMPARATIVE EFFICIENCY FOR GROWTH OF THE 
TOTAL NITROGEN FROM ALFALFA HAY 
AND CORN GRAIN i 

Bt E B HART, G C HUMPHREY and F B MORRISON « 

{From the Departments of Agricultural Chemistry and Amntal Husbandry of 
the University of TITsconstn ) 

(Received for publication, September 10, 1912 ) 

It JS well known that alfalfa hay, as well as other hays and root 
crops, contains a considerable part of its nitrogen in non-protein 
form In alfalfa hay this may amount to 25 per cent of the total 
mtrogen, as determined by Stutzer’s reagent or the tanmc acid 
method Just what the nature of this mtrogen is has not been 
determined, but it is usually assumed to be a mixture of acid-amides 
and auuno-acids and is generally described under the term 
“amides ” Attempts in this laboratory to isolate individual 
amino-acids from the water extract of alfalfa hay have failed, but 
further study of this extract, with the use of the Van Slyke nitrous 
acid method, shows the presence of free ammo groups, but by no 
means is all of the “amide mtrogen” in the form of simple amides 
or ammo-acids A large proportion is still more complex than 
these and yet non-precipitable by such reagents as basic lead 
acetate, tanmc acid, etc (The results of a detailed chemical study 
in this laboratory of the water extract of alfalfa hay will be pub- 
hshed shortly ) 

There is a difference of opimon as to the real worth of “atmde 
mtrogen” for either mamtenance, growth or milk production 
Armsby’ in his latest tables of feeding standards, excludes it entirely 


* Published by permission of the Director of the Agricultural Experi- 
ment Station 

* Credit is due Mr P H Wessels for part of the analytical work reported 
in this mvestigation 

’ Farmers Bulletm 346, U S Department of Agriculture 
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from his calculations of the available mtrogen On the other 
hand, Henryk and Jordan, ^ at least m their tables of the composi- 
tion of feeds, give it full value Nor has scientific mqmry as to 
its worth been wanting The whole question is to some extent 
bound up with the question of the nature and extent of protein 
hydrolysis m animal digestion It appears from the work of 
Cohnheim,® Kutscher and Seemann’^ and Abderhalden, Baumann 
and London® that digestion proceeds to the formation of abiuret 
products m the form of polypeptides and the comparatively simple 
monoamino- and dianuno-acids Peedmg experiments with pre- 
digested protein have also thrown light on this question Loewy* 
showed that protein, digested until the biuret reaction was absent, 
was capable not only of mamtaimng life, but of maintaining mtro- 
gen equilibrium and even of leading to mtrogen retention Hender- 
son and Dean'® used the products of acid hydrolysis of proteins 
They also record mtrogen retention Others, as Henriques and 
Hanson,” were unable to get as good results with the products 
of acid hydrolysis as when the hydrolysis was earned on by either 
pepsin or trypsin, although they showed that the products from acid 
digestion were excellent protein sparers Numerous experiments 
m this direction have been earned on by Abderhalden and his 
pupils ” He has worked with both mice and dogs His earlier 
experiments tended to show that a protein digested with an enzyme 
until the biuret reaction was absent could take the place of protein 
m the diet, but that the acid hydrolytic products could not Later 
Abderhalden” brought forth evidence to show that mtrogen equi- 
libnum could be maintained and a retention occur when the 
products of acid hydrolysis alone were used With an artificial 
mixture of ammo-acids he was also able to secure mtrogen equihb- 

* Feeds and Feeding 

‘ The Feeding of Animals 
' Zeiischr f physiol Chem , xlix, p 64, 1906 
1 Ibid , xxxiv, p 527, 1901 
« Ibid , h, p 384, 1907 

• Arch f exp Path u Pharm , \lvin, p 303, 1902 
Aincr Journ of Physiol , i\, p 386, 1903 

n Zcilsehr f physiol Chem , xlix, p 113, 1906 
1 Ibid , xlii *1 528, 1904 
u Ibid , Ixxvu, p 23, 1912 
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num’* nnd effect a partial nitrogen retention Abderhalden^^ has 
even furnished evperimental evidence, although not very convinc- 
ing, that vath a diet rich in carbohydrates and fat, he was able to 
secure nitrogen retention when the sole source of nitrogen in the 
diet was an ammonium salt This work was done with dogs 
From the above expenmental work it is apparent that the simple 
ammo-acids have direct nutritive value and very probably repre- 
sent a large proportion of the normal end products of protem 
digestion The work of Bergmann,!® Howelb^ and Folm and 
Dems‘® would indicate that they are absorbed into the blood and 
used directlj’’ for cell repair and protem synthesis 
The fact that our hays and root crops may contain a certain 
proportion of mtrogen in true amide form, as m asparagine or glu- 
tamine, raises the question of the nutritive value of their mtrogen 
The part of it which is in the a-ammo-position must possess that 
value W'luch can be assigned to ammo-acid mtrogen As early 
as 1894, Weiske'® show^ed that for herbivora asparagine was a 
\ ery effective protein sparer Zuntz ^ had suggested that the 
“amide nitrogen” is bmlt into protem by the aid of mtestinal bac- 
teria before it becomes utihzable by these ammals This view was 
also shared by Muller,*' who has shown that the intestinal bacteria 
could form protein from asparagine and also from ammomum 
tartrate Schulze"^ was also of the opinion that this is the way 
in which the amides are useful to herbivora On the other hand 
INIorgen,''' workmg wath sheep, has shown that there was not a 
building of indigestible protem by the mtestinal bacteria when 
ammomum acetate and asparagine were fed This view does not 
prove or disprove the possibility of the formation of bacterial 
proteins as intermediary bodies in the utihzation of ammonium 

” Zeilschr f physiol Chem , Kxvii, p 23, 1912 
’’■ Ibid , Ixxvm, p 1, 1912 

“ Beiir z chem Physiol u Path , vi, p 40, 1905 
Amer Journ of Physiol , xvu, p 273, 1906 
This Journal, xi, p 87, 1912 
” Zeitschr f Biol , xxx, p 254, 1894 
Arch f d ges Physiol , xlix, p 477, 1891 
Ibid , cxu, p 245, 1906 
Zeitschr f physiol Chem , Ivu, p 67, 1908 
” Landw Versuchsslat , Ixxm, p 283, 1912 
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salts and asparagine by herbivora Morgen and his associates 
have shomi further that the non-protein nitrogen, as in aniinoniiiin 
salts or asparagine, besides being capable of supporting mainte- 
nance, could also contribute to the production of milk proteins 
Kellner,*^ experimenting with lambs, concluded that asparagine 
and ammomum salts were capable of aiding m the maintenance 
of nitrogen equilibrium, but were incapable of conversion into 
body protein 

The evidence from the literature cited above appears to show 
that with herbivora the “amides,” or non-protein nitrogen, can 
serve to maintain the protein tissues of the body and there is 
certain evidence that they can also support milk production Evi- 
dence IS lacking that groivth can be produced 

With rats Politis'’^ was unable to secure any evidence of protein 
sparing b}”^ asparagine when the latter was the sole source of nitro- 
gen The same result was obtained by Henriques and Hanson'® 
but, when the latter used the expressed juice of etiolated beans 
or peas, they found that a sparing action was partly effected 
The “amide nitrogen” from potatoes or roots was ineffective as 
a protein sparer when fed to rats Luthje*^ showed the same thing 
to be true wuth rabbits when the sole source of nitrogen was the 
protein-free “amide” material obtained from fresh potatoes 
Voltz-® concluded that herbivora can make use of “aimde nitro- 
gen” and the nitrogen m ammomum salts and he has lately®® 
reached the same conclusion for carnivora 

Evidently the kind of ammal is an important matter m deter- 
mining how effective these simple nitrogenous substances may be 
for both maintenance and growth but this is probably more a 
matter of individual temperament and mfluence on appetite than 
of an actual difference in the nutrition processes under normal 
conditions In the literature the idea prevails that herbivora 
can apparently make more efficient use of these simple mtrog- 


** Arch f d ges Physiol , cxm, p 480, 1906, Zeitschr f Biol , xxxi\, p 
313, 1900 

55 Zeitschr f Biol , xxviu, p 492, 1891 
*« Zeitschr f physiol Chem , hv, p 169, 1907 
51 Arch f d ges Physiol , cxiii, p 547, 1906 
5* Ibid , cxvii, p 541, 1907 
25 Zeitschr f physiol Chem , Ixxix, p 415, 1912 
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enous bubblanccs thm the omnivorn or carnivora Yet Abder- 
balden claims to have caused nitrogen retention in a dog with an 
artificial mixture of amino-acids and even with ammonium salts 
One trouble m the feeding of concentrated plant extracts is that 
they usually lead to intestinal derangement and diarrhea follows 
This may be expected from the large salt content of such concen- 
trates 


Plan of experiment 

The plan of our experiment was to secure experimental data 
on the rate of nitrogen retention by growing heifers when the 
source of the nitrogen in the ration was mainly either the corn 
gram or the whole alfalfa plant The com kernel contains only 
traces of “amide nitrogen” and would serve as an excellent check 
on the alfalfa periods The corn ration consisted of corn meal, 
gluten feed and corn stover The gluten feed was added for the 
purpose of bringing the nitrogen content of the ration up to a 
good gromng level It is necessary with this class of animals to 
use some roughage and, as the corn stover introduced very little 
available nitrogen and at the same time would maintain an alka- 
line urine, it was used The alfalfa ration consisted mainly of 
alfalfa hay and corn starch Part of the alfalfa was ground m 
order that the bulk of the material might be reduced and at the 
same time a small amount of corn stover was introduced It was 
believed that the corn stover would help consumption, but later 
experiments have shown that this is unnecessary The starch 
was used for the purpose of making the net available energy of 
the two rations closely comparable It was believed that, should 
the rate of mtrogen retention on the two rations through a long 
period of observation be approximately alike, we would have 
substantial evidence that the “amide nitrogen” was being used 
for growth We would certainly have evidence whether the total 
mtrogen from one source and in the proportion used was as efficient 
for growth as from the other source And for us this is an impor- 
tant point 

Two ammals were used in the experiment, one receiving the 
com ration while the other received the alfalfa ration After six 
or eight weeks’ observation, the rations were changed and the 
animal originally receivmg the corn ration went to the alfalfa 
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ration and vice versa This would obviate any differences in indi- 
vidual powers of growth or capacity for utilization, which is an 
important factor in such experiments 

A record of income and outgo of nitrogen was quantitatively 
kept, the feces, urine, etc , bemg quantitatively collected, sampled 
and analyzed With the ration, salt and water were fed ad hbiiuni 
Each animal was fed such portions of the ration as would be en- 
tirely consumed At a defimte time of the day, weekly weighings 
of the ammals were made 

Experiment in 1910-1911 

Two young growing heifers, of approximately 400 to 500 pounds 
weight, were chosen They were grade Holstems, number 1 weigh- 
ing 505 pounds and number 2, 440 pounds The rations fed are 
shown in table I These figures are taken from Henry’s Feeds 
and Feeding and Armsby’s Tables for Production Therms This 
table simply shows the proportion in which the materials in an 
air dried condition were mixed and the approximate likeness of 
the two rations m production therms, nutritive ratio and digestible 
protein This last figure is, of course, based on the total mtrogen 
and includes the “amide mtrogen” The table also includes in 
the last column the actual grams of mtrogen contained in such 
weights of the feed as are indicated in column 2 

It should be noted that the nutritive ratio of the alfalfa ration 
was 19 If the “amide mtrogen” is not included, but only true 
protem made the basis of the calculation, then the nutntive ratio 
becomes 1 12 4, a very wide ratio for growth 

From table I it will be seen that on the basis of average analyses, 
the two rations were very nearly alike in total digestible protein 
and available therms From actual mtrogen determinations, the 
total mtrogen intake in the two rations was also very closely alike 
With the consumption of approximately equal quantities of air 
dried material, the intake of total digestible mtrogen, as well as 
total mtrogen, was substantially identical m both rations We 
had no difficulty in securmg a liberal consumption of the rations 
and approximately equal portions by either animal The daily 
consumption for the entire sixteen weeks varied from 7 to 10 
pounds 
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TABLE 1 


Cojiiposition of materials used 



rOUNDB 

DZOESTtDLE NDTBIENTS 

PRODUC 

TION 

THERMS 

NUTRl- 

TIVE 

RATIO 

TOTAL N 

Protein 

Corbo- 

hydmto 

Fat 



pouni/s 


pounds 



fframs 

Corn meal 

5 



0 22 

4 44 


32 46 

Gluten feed 

2 

0 41 



1 58 

1 8 2 

39 04 

Corn stover 

7 

0 12 

2 26 

0 05 

1 85 


34 95 

Total 

14 

0 93 

6 56 

0 44 

7 87 


106 45 

Corn stover 

3 

0 05 





14 98 

Alfalfa hay 

5 

0 SS 

3 16 

0 09 

2 75 


56 97 

Alfalfa meal 

3 






34 21 

Starch 

42 




4 20 


1 52 

Total 

15 2 

0 93 

8 13 

0 11 

7 74 


107 68 


In all, sixteen weeks of actual observation are involved m this 
first expermient, 1910-1911 Before the records were begun there 
was a preliminary penodof ten days' feeding In penod I, of eight 
weeks, animal 1 received the corn ration and ammal 2 the alfalfa 
ration At the end of that period the rations were changed This 
was done slowly and by substituting a pound of one ration for a 
pound of the other, consuming in all eight days for the transfer 
In period II, ammal 1 received the alfalfa ration, while ammal 2 
received the com ration In tables II and III are included the 
records of this first expenment The data are condensed from 
daily records to weekly composites and represent in grams the 
mtrogen consumed per week and the mtrogen excreted and re- 
tained In addition are columns showmg the pounds of feed 
consumed and a record of the gam in live weight 
Ammal 1 stored 451 7 grams of mtrogen during the corn period or 
13 4 per cent of the total intake and 754 2 grams on the alfalfa 
ration or 20 4 per cent of the total intake It will be noted that 
there is considerable oscillation m the weekly records of the 
amounts of mtrogen retained This is illustrated in charts I and 
II, which are graphic records of mtrogen retention and mtrogen 
consumption It is very doubtful if this means a variation in 
the rates of cell growth and mtrogen storage but, rather, a 
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TABLE n 

Record of balance of income, outgo and retention of nitrogen, feed consumed 
and gam in live loeight 


Animal 1 Period 1 Corn ration 


DATE 

1910-1911 

FEED 

N 

INTAKE 

N 

It FECES 

N 

IN URINE 

N 

RETAINED 

LIVE 

WEIOBT 

(initial 
505 LBS ) 

Dec 2-8 

9-15 
16-22 
23-29 
Jan 30-5 

6-12 
13-19 
20-20 1 

i 

pounda 

8 

7- 8 

7 

8- 9 

8 

8 

9 

9 1 

i 

fframs 

425 8 
418 2 
380 9 

430 7 
425 8 
409 9* 

431 2 
431 2 

grama 

182 4 
199 2 
168 0 
175 3 
190 9 
185 4 
222 7 
261 9 

grama 

186 9 
200 0 
178 5 
173 0 
161 7 
163 1 
169 0 
139 4 1 

1 

grama 

55 5 
19 0 
33 8 
82 4 
73 2 

61 4 
39 6 
86 9 

poUTuIa 

513 

521 

493 

509 

520 

524 

531 

534 

451 7 


Animal 1 

Period II Alfalfa ration 



Feb 4-10 

9 

427 4 

187 6 

152 4 

1 

1 87 4 

1 

1 544 

11-17 

i 9 

427 4 

184 0 

186 7 

1 56 7 

544 

18-24 

9-10 

454 6 

187 8 

148 4 

108 4 

556 

25-3 

10 

474 6 

208 8 

164 2 

100 2 

576 

Mar 4-10 

i 10 

474 6 

218 6 

155 8 

100 2 1 

575 

11-17 

10 

474 6 

214 9 

144 1 

115 6 

579 

18-24 

10 

474 6 

220 0 


84 2 

581 

25-31 

10 1 

474 6 1 

217 7 

155 4 I 

101 5 

592 


j 

1 

1 

1 


J 

1 

754 2 ; 



• New corn stover used 7 pounds contained 24 33 grams of N 


ence in the amounts of nitrogen excreted, as determined by the 
artificial periods of observation prescribed The eSiciency of the 
total alfalfa mtrogen for growth was for ammal 1 somewhat greater 
than that of the corn kernel While we do not care to lay too 
much stress on the positive figures for alfalfa obtained in this 
case, nevertheless, the data show that the total nitrogen from this 
plant was not infenor for growth to that from the corn kernel 
In the transition period from the com to the alfalfa ration, there 
was no sudden rise in the mtrogen output, either in the feces or 
unne The ingestion of a large proportion of “amide mtrogen 
ivith the change to the alfalfa ration, should have led to such 
increased excretion had this not been involved m the norma 
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Chaut I, AKmxL 1 CunvE of N hetfntion (unbroken line) Curve 

OF N CONSUMPTION (DOTTED LINE) 
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TABLE m 

Record of balance of meome, outgo and retention of nitrogen, feed consumed 
and gam in live weight 


Animal 2 Period I Alfalfa ration 


DATE 

1910-mi 

FEED 

N 

INTAKE 

N 

IN FECEB 

N 

IN URINE 

N 

retained 

LIVE 
WEIOHr 
(initial 
440 LBS ) 


pounds 

Orama 

gram 8 

grams 

grams 

pounds 

Dec 2-8 

7-8 

375 4 

167 6 

198 0 

9 8 

445 

9-15 

7 

347 1 

149 1 

178 0 

20 0 

426 

16-22 

7-8 

354 0 

132 5 

186 4 

35 1 

430 

23-29 

8-9 

439 2 

181 3 

178 4 

79 5 

447 

Jan 30-5 

9 

446 3 

211 0 

207 9 

27 4 

452 

6-12 

9 

430 2* 

206 0 

163 9 

60 3 

453 

13-19 

9 

427 5 

208 9 

134 9 

83 7 

456 

20-26 

9 

427 5 

197 2 

177 5 

52 8 

368 6 

454 


Animal 2 Period II Corn ration 


Feb 4-10 

9 

431 2 

191 3 

188 5 

51 4 


11-17 

9 

431 2 

203 3 

160 2 

67 5 

481 

18-24 

9-10 

458 6 

231 6 

141 1 

85 9 

502 

25-3 

10 

•479 2 

239 6 

192 8 

46 8 

508 

Mar 4-10 

10 

479 2 

257 4 

171 9 

49 9 

522 

11-17 

10 

479 2 

247 0 

191 7 

40 5 

514 

18-24 

10 

479 2 

219 1 

190 3 

69 8 


25-31 

10 

479 2 

271 6 

249 2 


525 


• Now corn stover used 7 oounda contained 24 33 grams of N 


processes of nitrogen utibzation and elimination Of the total 
nitrogen absorbed, animal 1 retamed durmg the com period 24 7 
per cent and durmg the alfalfa period 36 9 per cent 
Ammal 2 stored 368 6 grams of mtrogen dunng the alfalfa penod 
or 11 3 per cent of the total intake and 369 4 grams on the com 
ration or 9 9 per cent The same oscillation m weekly storage is 
also to be observed with this ammal Apparently ammal 2 did 
not possess the same powers of growth as animal 1 In neither 
period was the amount stored as great as m the case of ammal 
1 At the end of period II, this ammal suffered somewhat from 
diarrhea, a fact which accounts for the negative balance of that 
period With this ammal the amount of mtrogen retention on 
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the two rations was practically alike, indicating again no inferior- 
ity of the alfalfa nitrogen for processes of growth 

Again in this case there was no sudden decrease of nitrogen in 
the feces or urine as the change from the alfalfa ration to the corn 
ration was made During the alfalfa period animal 2 stored 20 5 
per cent of the absorbed nitrogen and 18 8 per cent during the 
corn period 

Attention should be called to the discrepancy in the hve weight 
gains as compared with actual nitrogen storage Animal 1 gained 
in gross live weight during the sixteen weeks some 79 pounds, 
with an actual storage of 1205 9 grams of mtrogen Ammal 2 
gained 80 pounds in live weight during the same period, but actu- 
ally stored but 738 grams of mtrogen or approximately three- 
fifths as much as ammal 1 

Experiment in 1911-1912 

The plans of experimentation m 1911-1912 were substantially 
those of the previous year Two young growmg heifers of grade 
Holstein breeding and about 300 to 400 pounds in weight were 
again chosen The rations used were of the same kind of materials 
as in the previous experiment, except that no corn stover was 
mtroduced into the alfalfa ration This ration consisted wholly 
of alfalfa and starch Again a part of the alfalfa hay was reduced 
to meal m our own grinders for the purpose of reduemg the bulk 
The composition of the ration is appended in table IV 

It will be seen that the rations were very similar in respect to 
total digestible nutrients, therms and nutntive ratio The total 
mtrogen intake with like weight of air dried mixture was also sub- 
stantially mdentical 

In this expenment there was a prelimmary three weeks’ feeding 
penod with a low mtrogen ration This ration consisted of 4 
pounds of wheat straw, 3 pounds of com starch, 0 2 pound of cane 
sugar and 1 ounce of calcium phosphate Salt was given freely 
This preliimnary period was to determine, on as low a nitrogen 
intake as practicable with the materials available, what the creati- 
nine output would be and the relation of the creatmine mtrogen 
to the total mtrogen of the urine McCoUum^o has shown, mth 

Eesearch Bulletin 21, Wisconsin Exp Sta 
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TABLE rv 

Composttion of materials used 



FEED 

OrOEStTBLE KUTRIENTS 

PRODUC- 

TION 

THERUS 

NUTRITIVE 

RATIO 

TOTAL N 

Protein 

(Carbo-| , 

jhydrate) 


pounds 

pounds 

p<ninds 

pounds 




Com meal 

5 

0 40 

3 33 

0 22 




Gluten feed 

2 

0 41 


0 17 



40 42 

Com stover 

1 

IB 

0 12 

2 26 

0 05 



37 67 

Total 



6 56 

0 44 

7 8 

18 2 

111 45 

Alfalfa hay 

s 






60 33 

Alfalfa meal 

4 

0 99 

3 51 

0 10 



51 33 

Starch 

5 


5 00 




1 36 

Total 

14 


8 51 

0 10 

8 0 

18 5 

113 02 


pigs on practically nitrogen-free rations but with the energy require- 
ment satisfied, that the creatinine excretion reaches a maximum 
and IS a fairly defimte proportion of the total unnary mtrogen 
This would indicate that it was a constant end product of endog- 
enous metabohsm Further he has shown that with mcreasing 
mtrogen retention in pigs there is a fairly defimte proportional 
increase in the creatimne output This would indicate that cre- 
atimne would serve as an index of protein storage It was to leam 
whether such quantitative relationships held for herbivora that 
we instituted this preliminary feeding penod 

Effect of low mtrogen intake on creatinine excretion In table V 
are given the data for this prehminary three weeks’ period, with 
both ammals, on the effect of low mtrogen intake on creatimne 
output This IS expressed in grams and the per cent of creatimne 
mtrogen of the total unnary mtrogen A week of feeding preceded 
the taking of these records 

In ammal 3 the proportion of the total nitrogen of the unne 
as creatimne mtrogen rose as high as McCollum has reported for 
pigs receivmg mtrogen-free rations, and on single days it went as 
high as 25 per cent With ammal 4 the ratio did not rise as high, 
although in the first week it was approximately 20 per cent After 
the first veek it decreased m both cases, possibly due to the losses 
of body protein incident to the low mtrogen ration The average 
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TABLE V 


Record of loxD nitrogen feeding and creatinine output 
Animal S 


DATE 

N 

INTAKE 

N 

IN FECEa 

N 

IN URINE 

N 

LOSS 

DAILI 

A^ ERAOE 
CREATININE 

CREATININE N 
AS A\ ERAOE 

rERcrNTAOE or 

TOTAL URI- 
NART N 


prams 

prams 

prams 

prams 

prams 

par cent 

Dec I2-1S 

39 48 

KjBJna 

43 73 

64 2 

3 67 

22 0 

I£V-25 

39 48 


34 11 

58 2 

2 71 

21 0 

2(>-Jan 1 

39 48 


36 26 

63 2 

2 14 

15 2 


Animal 4 


Dec 12-18 

41 09 

78 97 

47 85 

85 7 

3 39 

18 4 

19-25 

41 09 

79 75 

51 88 1 

90 5 

2 55 

11 9 

26-Jan 1 

41 09 

07 61 

33 28 

59 8 

1 61 

12 9 


daily grams of creatimne excreted ivere also highest m the first 
week m the case of both animals and decreased perceptibly under 
nitrogen starvation It should be noted that this lugh ratio of 
creatimne nitrogen to total urinary mtrogen was reached in the 
first week of the record and the second week of feedmg This 
high ratio was reached somewhat earlier than was observed by 
McCollum with pigs on nitrogen-free diets 
We shall discuss the creatimne rise on our growing ration further 
on in this paper 

After the preliminary feeding the animals were immediately 
placed on the growing rations of com and alfalfa They were 
to receive these rations for six weeks and then be immediately 
changed to the ration of the other It is very essential that this 
should be done as then any individual differences in powers of 
growth are obviated 

The records of mtrogen income, outgo and storage, as well as 
columns showing the food consumption and increase m hve weight, 
are given m tables VI and VII Nitrogen records are m grams 
per week and are seven-day composites of the daily record 
Ammal 3 stored dunng the alfalfa penod 592 2 grams of mtro- 
gen or 28 7 per cent of the total mtake Dunng the com period 
615 6 grams of mtrogen were stored or 24 1 per cent of the total 
mtrogen consumed During the first week of record on the alfalfa 
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ration 45 per cent of the total nitrogen ingested was stored This 
very high efficiency is to be attnbuted to the partial nitrogen 
depletion the animal had suffered during the prehminary penod 
of partial nitrogen starvation, but even after the first week there 
was a continued high efficiency of storage, which was maintained 
on both rations for the entire penod of record This is m marked 
contrast to animals 1 and 2 where the storage was not much over 
10 per cent of the total nitrogen mgested Both animals 3 and 4 
were somewhat younger and lighter in weight than 1 and 2, which 
are additional factors in the rate of growth 
The data show that the nitrogen m the alfalfa ration under the 
conditions of the expenraent is just as efficient for growth as 
that of the com kernel Of the nitrogen absorbed from the intes- 
tine during the alfalfa penod 48 per cent was retamed while dunng 
the com penod 40 per cent of the absorbed nitrogen remained in 
the body The sudden change from the alfalfa ration to the com 


TABLE VI 

Record of income, outgo, retention of nitrogen, feed consumed and gain in 

live weight 

Animals Penod I Alfalfa ration 
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ration should have materially decreased the mtrogen m the urine 
if it were true that practically one-fourth of the mtrogen of the 
alfalfa was in useless form and unsmted for building purposes 
The hjTiothesis that there is formed m the digestive tract from the 
“amide nitrogen” mdigestible bactenal proteins also does not 
receive support from our data In the two weeks before and 
after the change m ration the mtrogen content of the feces is prac- 
tically identical Apparently the two sources of mtrogen are 
bemg handled m identical fashion 
Animal 4 stored during the com period 879 3 grams of mtrogen 
or 35 4 per cent of the total mtake Durmg the alfalfa period 
822 8 grams were stored or 29 6 per cent of the total mtrogen 
ingested Here, again, as with ammal number 3, the first week 
showed a very high nitrogen retention, amounting to 44 per cent 
of the total mtake Tins followed immediately a period of mtro- 
gen starvation and accounts for such high efficiency This com- 

TABLE VII 

Record of income, outgo, retention of nitrogen, feed consumed and gam in 

live weight 


Animal 4 Period I Corn ration 


DATE 

FEED 

N 

INTAKE 

N 

IK FECES 

N 

IN T7RINE 

N 

RETAINED 

LI\E 
WEIGHT 
(initial 
387 LBS ) 


poun(f« 

gTQJnB 

grams 

grams 

grams 

Tpounds 

Jan 2-8 

6-7 

342 2 

112 1 

77 2 

152 9 

379 

9-15 

7 

390 0 

134 6 

131 7 

123 7 

382 

16-22 

7 

390 0 

147 3 

118 5 

124 2 

385 

23-29 

8 

451 9 

161 5 

103 4 

187 0 

400 

30-Feb 5 

8 

451 9 

173 9 

125 5 

142 5 

407 

6-12 

8 

451 9 

166 4 

126 5 

149 0 

879 3 

415 


Animal 4 Period II Alfalfa ration 


Feb 13-19 

7-8 

443 8 

169 9 

113 8 

160 1 


20-26 

8-9 

476 1 

174 1 

123 6 

178 4 


27-4 

9 

492 2 

194 6 

135 5 

162 1 

440 

Mar 5-11 

8 

451 9 

182 8 

185 4 

83 7 

430 

12-18 

8 

451 9 

156 7 

171 0 

124 2 

442 

19-25 

8 

451 9 

169 6 

168 0 

114 3 

432 






822 8 
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paratively high retention continued during both periods of feeding 
and was practically parallel with that of animal 3 Durmg the 
com penod 55 per cent of the total nitrogen absorbed from the 
mtestine w'as retained, while in the alfalfa penod 48 per cent was 
retamed With both ammals there was a slow decrease m the 
rate of nitrogen retention as the periods progressed When the 
rations were suddenly changed there was m both cases an increase 
m the rate of mtrogen retention for a two weeks’ penod and then 
a decrease Such variations are difficult to explam and at present 
can only be interpreted on the basis of lags m ehmination Such 
nses and falls may occur any tune m the penod of feedmg as illus- 
trated in charts III and IV, which show the curves of mtrogen 
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and consumption for animals 3 and 4 Animal 4 gives 
clear-cut demonstration of the failure of a sudden change from 
he corn to the alfalfa ration to raise the nitrogen excretion m 
iher urine or feces Even for two weeks, which is beyond the 
M of a lag of elimination, the nitrogen m the feces and urine 
1 not rise perceptiblj' above what it was in the last week on 
he com ration 

At the end of this period of feeding, both ammals were again 
ilaced upon the mtrogen-low ration of straw and starch for a 
leriod of ten days for the purpose of again determimng the ratio 
if creatimne mtrogen to the total unnary mtrogen In the case 
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and of Ringer and Lusk^ has shown that glycocoll and i-alanme 
are completely converted into dextrose by the phlorhizmized 
dog, and that three atoms of carbon contamed m aspartic and 
glutamic acids are also convertible mto dextrose These four 
armno-acids yield about one-half of the sugar denved from protein 
metabolism m phlorhizin glycosuna ^ This information presented 
the possibility of testing the vahdity of Rubner’s hypothesis, and 
as far back as 1908 the writer* gave 40 grams of dextrose to a dog 
and then 20 grams of dextrose to which 16 grams of alanme were 
added, and noted no change m the metabolism during twenty- 
four hours as determmed by the Pettenkofer-Voit respiration 
apparatus Other similar experiments showed that the addition 
of 24 grams of tyrosine and of 40 grams of glutamic acid to a 
standard diet were vnthout effect upon the metabohsm of the 
ammal These expenments have never been published in detail 
and there is now no reason for such pubhcation As will be shown 
in paper six, the action of the ammo-acids was masked by the 
mass action of dextrose or of the standard diet given 
In paper three, it was demonstrated that 20 grams of dextrose 
admimstered to Dog II caused m one instance no effect on metabo- 
lism, while m another instance it caused a shght increase and this 
only dunng the second hour If 25 grams of glycocoll or 20 grams 
of alanme which are completely convertible into 20 grams of dex- 
trose m metabohsm, behave like dextrose, then, after their inges- 
tion, they should cause only a shght nse in the heat production 
If glutamic acid be given it might show a "specific dynamic” 
action, for three of its carbon atoms are convertible into dextrose 
while two on oxidation might furnish free heat to the body Also 
tyrosine, with its many cleavages before it reaches a stage for use 
bj’’ the cells in metabohsm, nught show a pronounced effect upon 
the heat production The wnter freely admits that these were 
the results which he was prepared to find Prior to the work 
here presented, his ideas on this subject had been essentially 
derived from the teachmgs of Rubner 


’ Ringer and Lusk Zeiischr f physiol Chem , 1 , p 106, 1910 

’ Lusk Phlorhizmglukosune, Ergeb d Physiol , xu, p 315, 1912 
‘ Lusk Proc Soc Exp Biol and Med , vii, p 136, 1910 



Graham Lusk 


157 


II EXPERIMENTAL PROCEDURE 

The e\pennients were conducted ns in paper three upon Dog 
II The same standard diet was administered at six o’clock m 
the evening The amino-acid was dissolved or suspended m 150 
cc of IV arm water containing 2 grams of Liebig’s extract of beef 
and given at noon 

The total mtrogen and urea plus ammonia nitrogen were deter- 
mmed in hourly periods in the dog on occasions when the meat 
extract was given, and the animal was not put m the calorimeter 
Under similar conditions, total mtrogen and urea plus ammonia 
mtrogen were deterrmned in hourly periods after an amino-acid 
had been ingested nath the Liebig broth The difference between 
the urea plus ammoma mtrogens in the two instances was assumed 
to represent the armno-acid destruction of the hour The differ- 
ence between the total mtrogens of correspondmg hours repre- 
sented approximately the amino-acid metabolized plus the amino- 
acid eliminated as such The true protein metabolism of the 
time w'as assumed to be the nitrogen which w'ould have been elimi- 
nated had no ammo-acid or beef extract been administered Prom 
the values thus calculated, approximate figures were obtained 
which represented the protein and amino-acid metabolism dunng 
the hours when the ammal was m the calorimeter A similar 
procedure was employed with Dog I m paper two when meat was 
ingested 

In order to determine the indirect calorimetrj’- when amino- 
acids are metabohzed, the table on page 158 was prepared 

III EXPERIMENTAL PART 

The full analytical details of all the experiments are given in 
the Appendix, Table I 

A Liebig’s extract of beef 

Both Rubner® and Burgi® have demonstrated that the constitu- 
ents of Liebig’s extract of beef are very largely ready for elmu- 
nation m the unne The researches of Pawlow and his pupils 

‘ Eubner Zeilschr f Biol , xi\, p 343, 1883 

* Burgi Archiv fUr Hygiene, Ii, p 1, 1904 
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Glycoeoll 

Alanine 

Glutamic acid 
Leucine 

Tyrosine 


Barao 08 2 523, correctly established by Rubner Jn 1885 

t Stohmann and Langboln ^ourn / praKt Chtm , xliv p 383 1801 





Physiological values of amino-acids when oxidized in the organism, calculated by deducting the value of urea formed from 
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of 0 132 per hour, then 0 549 gram would be eliminated during 
four hours and ten minutes 

Considering noi\ the ehmination of nitrogen during the same 
mten^al of time after meat extract contaimng 0 156 gram of nitro- 
gen Mas admmistered, the following differences are found 


Dato 

Februirj 6 
March 22 
March 2S 


Total N Extra N 

0 723 - 0 549 = 0 174 

0 747 - 0 549 = 0 198 

0 672 - 0 549 = 0 123 


It IS, therefore, evident that the mtrogen ingested in the meat 
extract is essentially ehminated during the first four hours after 
its admimstration 

To estimate the protem metabohsm of February 6, when meat 
extract was given, one might assume (1) the value of the hourly 
mtrogen ehmination of the daj’’ prenous (= 0 094), or (2) one 
might deduct from the mtrogen m the unne of the penod the 
mtrogen content of the Liebig extract given (0 723 — 0 156 = 
0 567) which gives an hourly excretion of 0 136 gram, a more 
probable value A similar calculation for the urme of March 22 
shows an hourly value of 0 142 gram of mtrogen 
The metabohsm of February 6 has been calculated on the basis 
of both methods of estimating the protem mtrogen ehrmnation 
with the followmg results 


Influence of small variations in protein metabolism upon the calculation of 

results 


1 

TIME 1 

N 

IN TJRISE 

NON- 1 ' 

PROTEIN CALORIES 

R Q 1 

N 

IN URINE 

NON- 
PROTEIN ; 

R Q ' 

CALORIES 

1 00-2 00 

0 094 

0 88 i 15 15 

0 136 

0 88 

15 06 

2 00-3 00 

0 094 

0 82 i 16 48 

' 0 136 

0 81 

16 37 

3 00-4 00 

0 094 

0 73 1 17 71 

0 136 

0 72 

17 62 



1 49 34 

■j 


49 05 


This table shows that however crude the method of analysis 
may appear to the cntical, the general result is practically umn- 
fluenced by a possible error of 0 042 gram of estimated protein 
mtrogen elimination per hour 
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of 0 132 per hour, then 0 549 gram would be ehminated during 
four hours and ten minutes 

Considermg now the elimination of nitrogen during the same 
interval of time after meat extract contammg 0 156 gram of mtro- 
gen was admmistered, the following differences are found 


Date 

February 0 
March 22 
March 28 


Total N Extra N 

0 723 - 0 549 = 0 174 

0 747 - 0 549 = 0 198 

0 672 - 0 549 = 0 123 


It IS, therefore, evident that the mtrogen ingested in the meat 
extract is essentially ehminated during the first four hours after 
its administration 

To estimate the protein metabohsm of February 6, when meat 
extract was given, one might assume (1) the value of the hourly 
nitrogen elimination of the day previous (= 0 094), or (2) one 
might deduct from the mtrogen m the urine of the peuod the 
mtrogen content of the Liebig extract given (0 723 — 0 156 = 
0 567) which gives an hourly excretion of 0 136 gram, a more 
probable value A similar calculation for the urine of March 22 
shows an hourly value of 0 142 gram of mtrogen 
The metabohsm of February 6 has been calculated on the basis 
of both methods of estimating the protem mtrogen elimination 
vath the following results 


Influence of small varialions in protein metabolism upon the calculation of 

results 


time: 

N 

1 IS UBISE 

1 

^ON- 

PnOTElN j 

R Q 

1 1 

CALORIES 1 

1 N 

IS vnisE 

NON- 

PROTEIN 

R Q 

CALORIES 

1 00-2 00 

0 094 

0 88 1 

15 15 

0 136 

0 88 

15 06 

2 00-3 00 

0 094 

0 82 

16 48 

0 136 

0 81 

16 37 

3 00-4 00 

0 094 

0 73 

17 71 

0 136 

0 72 

17 62 



1 

1 

49 34 



[ 49 05 


This table shows that however crude the method of analysis 
may appear to the critical, the general result is practically umn- 
fluenced by a possible error of 0 042 gram of estimated protein 
mtrogen ehmination per hour 
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B 25 grams of glycocoll 

Since both carbon atoms contained in glycocoll are convertible 
into dextrose, it may be calculated that 25 grams of glycocoll 
produce 20 grams of dextrose In paper three it was shown that 
20 grams of dextrose contaimng 75 calones caused, during the 
second hour only, an increase of 2 5 calories in heat production — 
a specific dynamic action of 3 3 The question was, would glyco- 
coll behave in the same fashion? 

The expenments were contmued from the begmnmg of the 
second to the end of the ninth hour after the ingestion of the mate- 
rial, in two different series of four hours each and each series was 
done twice, making expenments which are essentially well agree- 
ing duphcates (see table I) The important results appear in 
the following 

Expenments 44 o-nd 48 


35 grams of glycocoll (4 66 grams N and 46 16 calories) in 150 cc of water 
plus 3 grains of Liebig's extract, at noon 

Values in calories 


TIME 

PROTEW j 

OLYCOCOLt j 

NON- ! 

PROTEIN 

1 TOTAL 

1 CAE- 

CDLATED 

TOTAL 

FOUSD 

1 00-2 00 

3 

1 

02 

0 

1 

73 

17 37 

21 

12 

21 

96 

2 00-3 00 

3 

02 

0 

99 

18 85 

1 22 

86 

21 

31 

3 00-4 00 

3 

02 

1 

43 


24 

75 

21 

23 

4 00-5 00 

3 

02 ! 

2 

93 

16 75 

i 22 

70 

21 

16 

5 00-6 00 

3 

02 

3 

60 

11 81 

! 18 

43 

19 

24 

6 00-7 00 

3 

02 

3 

60 

13 71 


33 

20 

17 

7 00-8 00 

3 

02 

3 

60 

12 19 

18 

81 

18 

33 

8 00-9 00 

3 

02 

3 

60 

10 48 

17 

10 

17 

53 

Total 

24 

16 

20 48 

121 46 

' 166 10 

160 93 


The difference between calories calculated and calones found 
IS 5 2 of which 3 6 falls in the single hour between three and four 
o’clock The result of the glycocoll ingestion was a decided rise 
in metabolism, which continued over a penod of eight hours 
Durmg the ninth hour the metabolism fell nearly to the basal 
value, which has been determined as 16 2 calories per hour For 
the eight hours at this level the basal metabolism would have been 
129 6 calories Taking the lower figure, “ calories found” m the 
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above experiment, the heat production after giving 25 grams of 
glycocoll amounted to 160 9 calories for a period of eight hours, 
an increase of 31 3 calories above the basal value Since the 
ingested glycocoll yields 46 15 calories in metabolism, it may be 
calculated that the specific dynamic action of glycocoll is 70 Using 
a calculation (see below) which indicates that 8 per cent of the 
absorbed glycocoll is eliminated unchanged m the mine, the spe- 
cific dynamic action may be estimated to be 74 This is calcu- 
lated after the manner of Rubner If, however, one considers 
the very low level of glycocoll metabolism during the second and 
third hours as measured by the extra urea plus ammonia excretion, 
it IS apparent that, although no considerable quantity of glycocoll 
is destroyed, yet the heat production is about at its maximum 
during these hours There is a rise of 5 calories above the basal 
metabolism, during the second hour, although the calories from 
glycocoll metabolism are indicated as being only 0 73 (or only 
3 15 calories if the estimated glycocoll metabolism of the next two 
hours be included) In the interpretation of these results, valued 
information is to be obtained from the work of Fohn and Denis ® 
These authors find that one hour after the admmistration of about 
2 grams of glycocoll to anesthetized cats, the “non-protem nitro- 
gen” (which must contain absorbed glycocoll) has increased in 
the blood and in the tissues, but there has been no increase in the 
quantity of urea mtrogen m either locality The urea formation 
begins about an hour after the ingestion of the material From 
one experiment (in which the kidney function was undisturbed) 
the following details are reproduced 


Glycocoll given, 1 867 grams, absorbed, 0 917 grams 
Values, milligrams in 100 grams substance 


TIME 

^ CABOIID BLOOD i 

MUSCLE 

1 BREA N 

NON- 

PBOTEIX N 

UREA N 

NON- 
PROTEIN N 

At start 

34 

60 

42 

248 

After 2 hours 1 

44 

100 



After 3 hours 

50 

101 



After 4 hours 1 

60* 1 

124* 1 

54 

304 

1 


lilac artery 


*Folm and Denis This Journal, xu, p 141, 1912, and their previous 
papers 
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It appears from this that the absorbed ammo-acids circulate 
m the blood, and are retained in the muscle tissue, while after one 
hour the urea rises m the blood m response to the mcreased pro- 
duction of urea m the tissues These results are interpretative of 
the mtrogen figures representmg the glycocoll metabolism in the 
dog as shown above, and indicate that they give an approximate 
idea of the actual happemngs 

Smce there is a great rise in metabolism during the second hour 
after glycocoll ingestion and this is not accompamed by a large 
metabolism of absorbed glycocoll, it is evident that glycocoll acts 
as a shmulus to increase the oxidative processes in the organism 
Furthermore, smce the high metabolism is found dunng the second 
hour when the urea production from glycocoll is still low, it appears 
that the increased metabolism is due to the direct stimulus of glycocoll 
itself and not to any process concerned with intermediary metabolism 
such as the process of deaminization 

Comparison to show the sirmlanty between the metabohsm 
after the ingestion of 20 grams of dextrose which exerts a specific 
dynamic action of 3 2 with that produced by its isoglucosic equiva- 
lent, 25 grains of glycocoll, which exerts a specific dynamic influ- 
ence of 70, breaks down completely Most dogs dnnk a solution 
of dextrose of their own free will They drink a solution of glyco- 
coll the first time it is offered to them, but not readily after that 
Glycocoll solutions are often voimted and some dogs never retain 
them Both materials have a sweet taste, and yet their action 
on the stomach wall, as well as upon the cells of the organism in 
general, is distinctly different It may be suggested that the 
action of glycocoll is merely through the sensory stimulation of 
the mucous membrane of the stomach and intestmes, but the 
continuation of the mcreased metabolism for seven or eight hours 
after the ingestion of the matenal and long after the sensation of 
nausea has passed away, disproves this Furthermore, urea solu- 
tions which produce nausea and often vomiting, have no mfluence 
whatever upon metabohsm as shown m paper three In the expen- 
ments here described, the dog betrayed no signs of nausea but in 
the two instances remained m the calorimeter without moving 
durmg the first hour of the expenment 
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In the work of Ringer and Lusk® it was shown that the nitrogen 
and sugar which arise from the ingestion of 20 grams of glycocoll 
by a phlorhizimzed dog are usually completely ehimnated m 
twelve hours In the present experiment it is found that the 
maximal action on metabolism takes place during the second to 
fifth hours, during which the mass action of the entering ammo- 
acids may be greatest With the completion of the absorption 
and the destruction of the aimno-acids as such, this mass action 
upon the cells dimimshes ivith an accompanying diminution m the 
intensity of metabolism 

It will be noted that the behavior of glycocoll is entirely smular 
to the behavior of meat, as has been set forth m paper two of this 
series Glycocoll, the simplest of the ammo-acids, has the most 
profound effect of all those which have been studied How impor- 
tant the effect of glycocoll upon the general metabolism is, cannot, 
with certainty, be stated until it is known whether the large amount 
excreted after the admimstration of benzoate of soda*® corresponds 
to the amount produced normally 

The urinary analyses It has been admitted that the calcula- 
tions of the hourly mtrogen values after administration of Liebig’s 
extract could not be exactly calculated and the calculations become 
even more complex when amino-acids are given with Liebig’s 
extract The following general procedure has been used (1) 
The values of total N and urea plus ammoma N were determined 
m hourly periods after givmg Liebig’s extract (2) Total N and 
urea plus ammoma N were determined m hourly periods for six 
hours after givmg 25 grams of glycocoll plus Liebig’s extract 
(3) These last values have been assumed as correct during the 
period when the dog was m the calorimeter (4) The protein 
metabohsm of the time has been taken as an assumed value of 
the probable mtrogen elimination had no Liebig’s extract or ammo- 
acid been ingested (5) The difference between the urea plus 
ammonia mtrogen when Liebig’s extract was given alone and when 
it was given with glycocoll, forms the basis of the determination 
of the amount of glycocoll metabolized (6) The increase in total 
mtrogen due to the addition of glycocoll to Liebig’s extract, rmnus 

’ Rmger and Lusk loc cit 

1 ° Magnus-Levy Munch med Wochenschr , lu, p 2168, 1905, Ringer this 
Journal, x, p 327, 1911 
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the nitrogen of metabohzed glycocoll, represents the amount of 
glycocoll which was eliminated unchanged 

The above presents in general outhne the method of all the 
determinations made with various amino-acids m this paper 
Exceptions to this procedure will be mentioned when they occur 
The following table gives the results obtamed after mgestmg 
glycocoll 


Urinary analyses after glycocoll ingestion 


TIME 

March 23 ' 

March 25 

M « 

M 9 

H a 

a 5 o Q 

u P Q U 

2 J O N 

® u o o 

“Be 

goSSg 

? <a H 0 5 

H D P P 
w z a v o 
« 2 d 5 

B « 

H J j 3 

U H u si P 

ggSsz 

a 

2 GRAMS UEBIG 8 
EXTRACT IN 150 CC 
WATER 

1 

25 grams glycocoll 
PLUS 2 GRAMS LIEUIG S 
EXTRACT IN 150 CC 
WATER 

Total N 

1 

Urea+Nm 

N 

Total N 

Urea+NHj 

N 

12 00-1 00 

0 154 

0 152 

0 242 

im 

0 056 ' 

0 034 

1 00-2 00 

0 169 

0 162 

0 361 

MM 

0 074 

0 118 

2 00-3 00 

0 176 

0 156 

0 315 

0 256 

0 100 i 

0 039 

3 00-4 00 

0 150 

0 126 

0 381 

0 276 

mmm 

0 081 

4 00-5 00 

0 140 

0 122 

0 463 

0 418 


0 027 

5 00-6 00 

0 114 

0 104 

0 416 

(0 348) 


1 

Total 



f 2 178 


■ 0 676 

0 299 



1 =91% 

1 





On the calorimeter days, March 29 (Exp 41) and April 4 
(Exp 44), the actual elimmation of nitrogen and the ehmmation 
assumed on the basis of the analyses of March 25 are given below 


DATE 

TIME 

TOTAL N 

UREA + NHj 

N 

PER CENT 

March 29, Exp 41 


1 583 


85 

March 25 (est ) 


1 839 

■Ha 


April 4, Exp 44 


1 825 

1 578 

86 

March 25 (est ) 


1 823 

1 403 



The results of the actual and calculated values of April 4 show 
httle differences Greater differences are shown on March 29, the 
mtrogen elimination being 14 per cent less than on March 25 The 
assumed values were, however, adopted This was justified because 
the heat production in both experiments, 41 and 44, was essen- 
tially the same More perfect results than these could have been 
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obtained if the dog had been provided with a catheter and an 
apparatus for the automatic washing of the bladder at the end of 
each hourly period while in the calorimeter Although this could 
have been arranged, yet it was deemed undesirable on account of 
the necessity of keeping the dog in complete repose 
On March 28, the day on which Liebig’s extract alone was 
given, the total mtrogen was 0 114 and the urea plus ammoma 
N was 0 104 between five and six o'clock The value 0 114 N 
has been assumed as representing the fasting protein metabohsm 
in the folloiving experiments after glycocoll ingestion at noon 
On April 13 and 23, the dog was placed in the calorimeter and 
his metabohsm determmed between five and mne o’clock The 
unne of the whole period was analyzed and was partitioned equally 
through the several hours The results were 


DATE 


EXP NO 

TIME 

TOTAL N 



April 

13 

48 

4 00-9 10 
Per hour 

2 425 

0 469 

2 297 

0 445 

95 

April 

23 

52 

4 00-9 10 
Per hour 

2 642 

0 511 

2 478 

0 479 

94 


Smce the urea plus ammoma ehmmation when no glycocoll is 
mgested is 0 104 gram per hour (see above) the mtrogen ehmina- 
tion representing glycocoll metabolized would be m Experiment 
48, 0 341 gram per hour, and in Experiment 52, 0 375 gram per 
hour The high percentage of urea plus ammonia nitrogen durmg 
this period of four hours shows that practically no glycocoll was 
ehmmated m the urine as such, for, calculated on the basis before 
described, only 0 014 and 0 022 gram of glycocoll mtrogen per 
hour could be estimated m the urine The values of 0 469 and 
0 511 gram of total N metabohzed per hour between four and 
mne o’clock agree with the values found on March 28 of 0 463 
and 0 461 for the two hours between four and six It is assumed 
that the urea ehmmation during the following three hours did not 
essentially vary from this 

The method of determining the mtrogen ehmmation of the dog 
within the calorimeter as described above was also used m the 
following experiments with other amino-acids, and need not again 
be described 
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C 20 grams of i-alamne 

Since 20 grams of i-alanme are convertible m the organism into 
20 grams of dextrose, that quantity was given m Liebig’s extract 
of beef and the metabohsm determined m hourly periods from the 
second to fifth hour to discover whether its behavior was different 
from that of dextrose 
The results were as follows 

Experiment 43 

20 grams of alanine (3 14 grams N and 60 7 calories) in 160 cc of water plus 2 
grams of Liebig’s extract at noon 

Values in calories 


TIUE 

PaOTEIN 

ALANINE 

NON- 

PBOTEIN 

TOTAL 

CAL- 

CULATED 

TOTAL 

FOUND 

1 00-2 00 

3 50 

2 28 

13 96 

19 74 

19 45 

2 00-3 00 

3 50 

2 80 

12 17 

18 47 

19 19 

3 00-4 00 

3 50 

5 15 

11 29 

19 94 

19 39 

4 00-5 00 

3 50 

5 23 


(19 26) 

19 26 

Total 

14 00 j 

15 46 


77 41 

77 29 


The basal metabohsm of the dog was 16 2 calories per hour or 
64 8 calories during four hours Hence the mgestion of 20 grams 
of alamne caused an increase of 12 61 calories during four hours, 
which shows a specific dynamic action of 21 dunng this short 
period Folm and Hems (loc cit) have shown that there is no 
increase m urea m the blood durmg the first hour after alamne 
mgestion, but that the quantity of alamne increases m the blood 
Durmg the second hour urea formation commences 

It wiU be noticed that, although the quantity of alamne metabo- 
hzed mcreased hour by hour, the heat production reached its 
maximum during the second hour 

The behavior of alamne appears to be sinular to that of glyco- 
coU, but alanine acts as a less powerful stimulus Glycocoll caused 
a nse of 5 calories during the first hour, whereas alamne caused one 
of 3 5 calones 

The unnary analyses The urmary analyses were computed 
as m the subjomed table 
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Urinary analyses after alanine ingestion 


TIMC 

^(Ancii 23 

April 3 

S5 

U 1 

^ i i 
“ 2 ® ^ « 

S 3 “ 

g a < ^ N 

H P H 3 3 

SaSy 5 

« H 55 N H 

Efa o M O 

S H a J Z 

Q 

2 GRAMS LIEUIO 8 
EXTRACT IN 150 CC 
ATLU 

20 grams alanine 

PLUS 2 GRAMS LIEDIG 8 
EXTRACT IN 150 CC 
WATER 

o§S§ 

^ J o 

M S ^ « 

Q 2 

Total N 

Urea -t-Nm 
N 

Total N 

Urco-t-NH, 

N 

12 00-1 00 

0 154 

0 152 

0 197 

0 136 

0 

0 043 

1 00-2 00 

0 169 

0 162 

0 431 

0 280 

0 118 

0 144 

2 00-3 00 

0 176 

0 156 

0 461 

0 301 

0 145 

0 140 

3 00-4 00 

0 150 

0 126 

0 562 

0 393 

0 267 

0 145 

4 00-5 00 

0 140 

0 122 

0 515 

0 393 

0 271 

0 104 

Total 

0 7S9 

0 718 

2 166 

1 503 

0 801 

0 576 



= 91% 


= 70% 




The above figures show, in confirmation of Fohn, that there 
IS no urea production during the first hour after givmg alanme 
There appears to be a large excretion of unoxidized alamne amount- 
ing in five hours to 18 per cent of the material ingested The 
metabolism of alamne as measured by the increase in urea plus 
ammoma N rose hour by hour 

On the calorimeter day, April 1, Experiment 43, the hourly 
protein metabolism was assumed to be represented by 0 132 grams 
N, an amount which was ehmmated on April 22, when no food was 
given at noon, the amino-acid metabolism was estimated from 
the computation shown above, which the followmg comparison 
justifies 


DATE 

EXPERI- 

MENT 

TIME 

TOTAL N 

urea+NHi 

N 

PER CENT 

April 1 

43 

12 00-5 10 

2 19 

1 53 

70 

April 3 

(est ) 

12 00-5 10 

2 25 

1 56 

70 


D 20 grams of i-glutamic acid 

It has been stated that glutamic acid yields three of its carbon 
atoms as glucose m the diabetic orgamsm, whereas two are oxid 
ized Here appeared a chemical complex which might serve to 
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settle the theory of the specific dynamic action of protein The 
following serves to illustrate the results of its ingestion 


Experiment i9 

20 grams of glutamic acid (1 90 grams N and 62 9 calories) in 150 cc of water 
plus 2 grams of Liebig’s extract at noon 


Values in calories 


TIME 

PHOTEIJf 1 

1 

QLUTAMIC 

1 ACID 

NON- 

PROTEIK 

TOTAL 
CAL- 1 

CtJLATED 1 

TOTAL 

FOUND 

1 

1 0(K2 00 1 

3 50 

1 

1 62 

10 09 

15 21 

15 49 

2 00-3 00 

3 50 

4 96 

7 70 

16 16 

15 26 

3 00-4 00 

3 50 

5 16 

8 25 

16 91 

i 15 99 

4 00-5 00 

3 50 

6 68 

6 82 

17 00 

16 59 

Total 

14 00 

18 42 

1 1 

32 86 

65 28 

63 33 


The average between the calories “found" and “calculated" is 
64 3 which may be compared with a basal metabolism of 64 8 
calories for the period 

Glutamic aad exerts no " specific dynamic action” uhatsoever It 
is an ammo-acid which is an important constituent of most pro- 
tein and yet its ingestion does not increase the heat production, 
although it is freely absorbed and deamimzed Therefore, the 
process of deaminization and urea production are not concerned 
with the heat increase accompanymg specific dynamic action One 
may also draw the conclusion that glutamic acid cannot yield glyco- 
coll as an intermediary product 

If the behavior of glutamic acid is on account of its chemical 
configuration, then one must assume that aspartic acid behaves in 
a similar manner in metabohsm, although no experiments have 
been made with this substance 

The urinary analyses As in the last experiment the protein 
metabohzed was assumed to be represented by a urinary ehmma- 
tion of 0 132 gram N per hour The remaining factors were com- 
puted as follows 
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Urinary analysis after glycocoll ingestion 


TIME 

Uaucii 2S 

^Vfril 10 

DIFFERENCE BETTV ELN 
URLA PLUS NHj 

N = GLUTAMIC ACID 
METABOLIZED 

DIFFERENCE BETWEEN 
TOTAL N MINUS OLU- 
TAMIC ACID N = 
GLUTAMIC ACID UN- 
METABOLIZED 

2 QR^MS LIEDIQ 8 
EXTRACT IN 150 CC 
WATER 

20 GRAMS GLUTAMIC 
ACID PLUS 2 GRAMS 
LIEBIG 8 EXTRACT IV 
150 CC WATER 



Total N 

Urea+NHi 

N 

12 00-1 00 

H 

0 152 

0 246 

0 208 

0 056 

0 036 

1 00-2 00 


0 162 

0 289 

0 211 

0 049 

0 073 

2 00-3 00 

llBi 

0 156 

0 406 

0 306 

0 150 

0 080 

3 00-4 00 

0 150 

0 126 

0 337 

0 282 

0 156 

0 031 

4 00-5 00 

0 140 

0 122 

0 368 

0 324 

0 202 

0 026 

Total 

0 789 

0 718 

1 646 

1 331 

0 613 

0 246 



II 

CO 


= 81% 




Companson of the analysis of the unne of Apnl 17, the day 
on which the dog received glutamic acid and was placed m the 
calorimeter with that of April 16 with the same diet outside the 
calorimeter, showed the following relations 


DATE 

EXPERIMENT 

TIME 

TOTAL N 

UREA + NHl 
N 

April 17 

■■ 

12 00-5 10 

1 509 

mBM 

April 16 


12 00-5 10 

1 707 



E 20 grams of %-leucine 

The following results were obtained after giving leucme 
Expenmenl SO 

20 grams of leucine (2 I 4 grams N and 118 9 calories) in ISO ce of water plus 2 
grams of Liebig’s extract at noon 
Values in calories 


TIME 

PROTEIN 

LEUCINE 

NON 

PROTEIN 

TOTAL 

CAL- 

CULATED 

TOTAL 

FOUND 

1 00-2 00 

3 50 

7 64 

6 45 

17 59 

17 06 

2 00-3 00 

3 50 

6 35 

6 88 

16 73 

17 40 

3 00-4 00 

3 50 

6 74 

7 46 

17 70 

17 68 

4 00-5 00 

3 50 

7 57 

8 27 

19 34 

18 36 

Total 

14 00 

28 30 

29 06 

71 36 

70 50 
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It appears from the above, that in spite of its msolubihty, a 
noticeable quantity of leucine was absorbed and metabohzed dur- 
ing the first five hours after its ingestion Its action in raising 
the heat production was not great, the basal metabohsm of 64 8 
calones being mcreased by only 6 1 calories or about 10 per cent 
The unnary analyses The value 0 132 gram N was again 
assumed to represent the mtrogen of the true protein metabolism 
of the time The other figures were determmed as follows 


Urinary analyses after leucine ingestion 


TIME 

SfAHCH 28 

April 18 

^ r 

u < 

e ^ U 

a Z 

“ a fc a 
; - z a 

ggca 

W 3 f < 
zZ" s 

M 

^ U t- 

SS2| 

H U 2 

0 

2 GRAMS LIEDIO 8 
EXTRACT IN 150 CC 
WATER 

20 grams leucine 

PLUS 2 GRAMS LIEDIO S 
EXTRACT IN 150 CC 
WATER 

Total N 

Uroa+NH> 

N 

Total N 

,Urca+NHj 

N 

12 00-1 00 

0 154 

0 152 

0 149 

' 0 133 

0 

0 

1 00-2 00 

0 169 

0 162 

0 329 

' 0 299 

0 137 

0 225 

2 00-3 00 

0 176 

0 156 

0 298 

1 0 270 

0 114 

0 008 

3 0(M 00 

0 150 

0 126 

0 270 

1 0 247 

0 121 

0 

4 00-5 00 

0 140 

0 122 

0 278 

, 0 258 

1 

0 136 

0 002 

Total 

0 789 

0 718 

1 324 

1 1 207 

0 508 

0 035 



= 91% 


1 = 91 % 

1 




The above shows no ehmmation of leucine mtrogen during the 
first hour but an ehmmation of a quarter of the mtrogen mgested 
during the folloiving four hours Very little or no leucine could 
have been excreted as such m the urine 
On Apnl 19, the dog was given 20 grams of leucine with Liebig s 
extract and was then placed in the calonmeter The urine of 
this day m comparison with that of Apnl 18 showed the folloivmg 


DATE 

EXPERI- 1 
MEN7 1 

1 TIME 

TOTAL N 

ubea+NHj 

N 

FEB CEST 

April 19 

1 

50 

1 

12 00-5 04 

1 481 

1 244 

84 

April 18 

(est ) 

12 00-5 04 

1 324 

1 207 

91 
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F 20 grams of iyrosine 

The results of giving 20 grams of tyrosine are presented m the 
following 

Experiment IS 

SO grams of tyrostm (J BS grams N and 109 9 calories) in ISO cc of water plus 
3 grams of Liebig’s extract at noon 
Values in calories 


TIME 

j PHOTEIff 

1 

TVltOaiNB 

NON- 

pnOTBIN 

. .. 

TOTAL 

CAL* 

COLATED 

TOTAL 

FOUND 

1 00-2 00 

3 50 

mmn 


17 93 

16 56 

2 00-3 00 

1 3 50 


189 

17 62 


3 00-t 00 

3 50 



19 89 

IS 56 

4 00-5 00 

1 3 50 

1 


14 68 

18 18 

17 14 

Total 

14 00 


59 62 

73 62 

69 46 


It appears from this table that the metabohsm was shghtly 
mcreased after givmg 20 grams of tyrosine If the calories "found” 
and “calculated” be averaged, the result is 71 5 as agamst a basal 
value of 6-i 8 calories, a gain of 7 7 calories, or 10 per cent for the 
period The result is, therefore, similar to that obtained with 
leucme, except that in the case of leucme, there was a largely 
increased elimination of urea plus ammoma mtrogen which is not 
evident with tyrosine It is possible that tyrosine, even though 
only small quantities are absorbed, will act as a stimulus upon the 
cells (see Summary) 

The unnary anahjaes After givmg tyrosine, there was no in- 
crease in the mtrogen elimination during five hours which could 
not be ascribed to experimental error The followmg compares 
the results found in the experiment after giving 20 grams of tyro- 
sine m Liebig’s extract wath the figures for Liebig’s extract alone 


DATE 


, experi* 

1 MENT 

1 time j 

total N 

Iubba+NHj 

1 N 1 

1 PER CENT 

1 

April 

March 

10 

28 

i 

1 (est ) 

12 00-5 08 j 
12 00-5 08 1 

0 888 

0 808 

! 0 786 
! 0 733 

89 

1 
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ahmnc, tyrosine and leucine in equal amounts and eontainino 
together 2 94 grams of N and 90 calories, exerts a more profound influ- 
ence upon metabolism than docs 100 grams of meat containing S 
grams of N and 7S protein calorics, during an experimental period 
which includes the second to fourth or fifth hours after their ingestion 
The higher metabolism after git ing the mixture of amino-acids may, 
in part, be due to the greater rapidity of their absorption and in part 
to the particular constituents of the mixture 

The urinary analysis On April 9, 100 grams of beef -heart were 
given at noon and the hourly nitrogen e\cretion show ed the follow- 
ing results 



TOTAL N 

TniE 

gram 

12 00-1 00 

0 20s 

1 00-2 00 

0 343 

2 00-3 00 

0 397 

3 00-4 00 

0 334 

4 00-5 00 

0 407 

Total 

1 6S9 


On Apnl 11, when the dog was m the calorimeter, 1 466 grams 
of N were eliminated between the hours of twelve and five o’clock 

rv GENERAL STATISTICS 

In the abo've research, various amino-acids have been given 
under such conditions that their action dunng the second to fifth 
hours after mgestion are stnctly comparable The foUowmg table 
gives a summary of the results 
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urine during the first hour after the ingestion of anuno-acids, the 
urea plus ammonia nitrogen was divided by 4 2 hours to determine 
the average hourly metabolism of amino-acid, which gave the 
value of 0 2 '58 gram of N 


H 100 grams of meat 

In paper two it was shown that ingestion of 1000 grams of meat 
by the same dog used in these experiments, caused the metabolism 
to rise from 10 2 to 30 caloncs per hour Tlic influence of 100 
grams of meat from beef heart is indicated below 


rxpmmi'nl {7 

too grams of meal (3 0 grams N and 78 protein calorics) 
Values m calnnes 


Tutr 1 

rnoTi t ( 

1 vov r/torri / 

1 TOTAf 

CAWUtATtf) 

rorAirocm 

1 00-2 00 ' 

9 00 

10 87 

19 40 

2002 

2 00-1 00 

10 r.2 

0 C8 

20 20 

19 81 

3 00-4 00 1 

8 m 

1 11 01 

20 70 

18 80 

0 olal 

28 40 

81 00 

00 45 

5S 03 

i 


The average mtlaliohsm during three hours may lie estimated 
at ‘50 05 calories, an increase of 1 1 above the basal metabolism 
Assuming for the sake of comparison, that the metabolism dunng 
a fourth hour is maintained at the average height of 19 8 caloncs 
hourly, as one may on ai count of the nitrogen m the unne dunng 
this hour, the total metabolism may be estimated at 79 3 caloncs 
during four hours, and the results may be compared with those 
obtained after giv .15 27 5 grams of mixed ammo-acids, ns follows 


Calorics in four liours 
Increase above basal value 


Krninn N ninl IS 
protein cnloflc ) 

70 S 
14 5 


84 4 
19 0 


Since, as has been said, glutamic acid exerts no heat increasing 
function, il may be concluded that P2 grams made up of glycoco , 
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Table indicating the specific dynamic action of various amino-acids, sepa 
raiely, together and compared with meat, during an interval of four hours 


CAI^BICa OP 
lilOEBTJL 


CALOBIES OF 
UETABOU8U 


No food 

25 grams glycocoll 
(4 66 grams N) 

20 grams alamne 
(3 14 grama N) 

20 grams glutamic acid 
(1 90 grama N) 

20 grams leucine 
(2 14 grams N) 

20 grams tyrosine 
(1 55 grams N) 

S 5 grams of each of 
above (3 46 grams N) 
100 grama meat 
(3 grams N) 


* Last hour cotfmotod 


Calories 


INCBCA6S XH 

CALORu:s or 

MZTABOUSU 


100 CALoaizrs 
or INQESTA 
CAU8EB 
1KCBCAS& (K 
MSTABOLiaU JK 
CALOBIE8 




FOOD None Liebig's extract 6lycocoll 


ChABT 1 — ^Doo II HoUBI/Y metabolism BEGIVNING 
Heavy line — Calories calculated Broken line — Calories found Dotted line— * ^ 
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The preceding table shows that the simplest amino-acid, glyco- 
coll, has the most powerful action and that alanine also has a 
pronounced effect Leucine and tyrosme, per gram of substance, 
e\ert about half the effect of alamne, while glutamic acid, with 
its two carboxyl groups, is without influence The increase m 
the number of calories after giving 27 5 grains of the mixed acids 
IS almost as great as when 25 grams of glycocoll were given The 
accompanying chart shows many of the essential features of the 
work 

The metabolism of the ammo-acids was at a higher level when 
they were mixed together than when they were given alone, as is 
indicated by the following table 



Urinary N trom amtno- 
ncldft metabolized dur- 
ing five hours 


grama 

Glycocoll 

0 676 

Alanine 

0 801 

Glwtamw acid 

0 613 

Leucme 

0 508 

Tjrosine 

0 0 

Mixed ammo-acids 

1 084 



'ND HOtm AFTER GIVING AMINO-ACIDS WITH LIEBIG b BNTB ICT 

Jen of protein plus amino-acid metabolized 
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tration of tyrosine, yet by a colorimetric test they were able to 
unmistakably prove the presence of tyrosine, m both blood and 
muscle 

3 A mixture, made up of 5 5 grams of each of the five ammo- 
acids, glycocoll,alamne, glutamic acid, leucine and t 3 Tosine, showed 
a more rapid metabolism of the constituent amino-acids than when 
they were given alone, and the effect on metabolism was as pro- 
nounced as that seen after giving 25 grams of glycocoll It was 
greater than that of 100 grams of meat which contamed about 
the same quantity of mtrogen 

4 The influence of glycocoll and alamne are not due to the 
fact that they produce nausea, for urea solutions also produce 
nausea but have no effect on the metabolism 

The influence is not due to movements of the intestines, for 
Benedict and Emmes*^ have shoivn that diarrhoea produced by 
sahne cathartics does not influence metabolism Nor is the mflu- 
ence of glycocoll due to excitation of the digestive glands, for 
Liebig’s extract of beef, which is known to induce glandular activ- 
ity, IS without influence upon the general heat production 

5 Since glycocoll and alamne are completely convertible into 
dextrose in phlorhizin glycosuna, and since the production of sugar 
from protein has been shown to be a normal function (see paper 
two), it follows, from Rubner’s hypothesis, that glycocoll and 
alamne should exert no more influence upon metabolism than 
would a corresponding quantity of glucose However, it has been 
shoivn that these two ammo-acids, which are completely convertible 
into sugar, cause a very great increase in heat production They 
do not act like sugar, into which they are convertible, but they 
act m virtue of their own special configuration They do not act 
through the metabolism products which they form, for these are 
practically -without effect as heat-mcreasing factors, but they act 
as stimuh upon the protoplasm ivith which they come in contact 

6 The work of Howland^^ accomplished in this labo'atory, has 
shoivn that an infant seven months old when given a modified 
milk admimstered in slx equal portions during twenty-four hours 
and containing 3 58 grams of nitrogen in the day’s diet produced 
during sleep 14 91 calories per hour "When 30 grams of casein 

Benedict and Emmes Amer Journ of Physiol , \\\, p 197, 1912 

“ Howland Zcitschr f physiol Chem , Ixxiv, p 1, 1911 
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were added to this diet and the nitrogen of the ingesta was 7 85 
grains, the metabolism of the sleeping infant rose to 18 81 calories 
per hour, an increase of 3 9 calories or 26 per cent more than its 
former value The casein added to the diet was the equivalent 
of 5 5 calories per hour The urme of the period before the high 
protem diet contained 2 20 grams of N per day, and, durmg the 
day of the high protein diet, 4 46, an increase of 2 26 grams This 
mcrease corresponds to 2 6 calones per hour An increase m 
protein metabohsm of 2 6 calones per hour brought about an 
mcrease of 3 9 calories m the metabolism of the sleepmg infant 
This IS the only instance in which the metabohsm may be seen to 
be permanently raised above the calorific value of the extra protem 
metabohsm The explanation may he m the fact that the youth- 
ful protoplasm is more sensitive to stimuh than that of the adult 
In Dog I, the basal metabohsm was 759 calories per square meter 
of surface in twenty-four hours, m Dog II it was 784, m a dwarf 
nmeteen years old it was 840, whereas in sleepmg infants of three 
and seven months, it ranged between 1000 and 1100 These results 
could be obtained on accoimt of comparable conditions of perfect 
rest 

As a final conclusion, it may be stated that the increase in 
metabolism after the ingestion of meat is due to the mass action of 
amino-acids acting as stimuli upon the cellular protoplasm 
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to 7 1 calories or 44 per cent From the respiratory quotient it 
IS evident that the greater part of the oxidative processes was 
concerned with the metabolism of carbohydrate 

The unnary analyses Following the ingestion of the standard 
diet at noon, the urine was analyzed in hourly periods with the 
folloiving results 


Ehmination of total N in grams after standard diet at noon 


TIME 

Jvov 23 

Ifoy 27 NOV 29 } JA.\ 3 
' 1 

DEC 12 

EXP 5 

DSC i3 

JAN 9 

EXP 10 

12 00-1 00 

0 146 

0 154 

0 209 

0 154 


0 187 


1 00-2 00 

0 142 

0 171 

0 202 

0 182 


0 194 


2 00-3 00 

0 239 

0 225 

0 247 

0 215 


0 230 


3 00-4 00 

0 229 

0 241 

0 255 

0 208 


0 240 


4 00-5 00 

0 251 

0 361 

0 282 

0 236 


0 250 


Total 

I 007 

I 155 

1 195 

0 ggojl 081* 

1 101 

D 932t 


•12to515p m tl2to5 09 p m 


It IS evident, from this, that the hourly mtrogen output shows 
a constantly rising tendency The values assumed for the calori- 
meter periods are approximate only, but it has already been set 
forth that a difference of 0 042 gram of mtrogen per hour makes 
almost no difference in the calculation of the heat production, 
and this latter is the essential point on the days when the calori- 
meter was used 

When 100 grams of meat were given alone instead of with 100 
grams of biscmt meal and 20 grams of fat, the excretion of mtrogen 
in the urine was much more rapid as appears below (see also fifth 
paper) 


April fl 1912 

Total N 

12 00-1 00 

0 208 

1 00-2 00 

0 343 

2 00-3 00 

0 397 

3 00-4 00 

0 334 

4 00-5 00 

0 407 

Total 

1 689 


This can be due (1) to a more rapid absorption of protein or 
(2) to a more rapid destruction of amino-acids within the organ- 
ism in the absence of carbohydrates 
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B The standard diet minus 67 grams of meat 

Beginning December 2, only 33 grams instead of 100 grams of 
meat were for a time added to the standard diet On December 
6 the metabolism was determined with the following results 

Experiment 4 


Standard diet minus 67 grams of meat at noon 


TIME 

N IK URIKE 

NON PROTEIN 

RQ 

CALORIES 

Calculated 

Found 

1 00-2 00 

0 121 

0 90 

22 61 

20 47 

2 00-3 00 


0 89 

22 12 

21 81 

3 00-4 00 

0 185 

0 91 

23 69 

22 99 

Total 



68 42 

65 27 

Per hour 






Again, the greater part of the non-protem calories is obtained 
from carbohydrate The metabohsm is mcreased from the basal 
value of 16 2 calories to 22 8, a rise of 6 6 calories or 41 per cent 
The metabohsm is only 2 per cent less than the average metabo- 
hsm after giving the full standard diet The withdrawal of 67 
grams of meat is, therefore, almost without influence on the me- 
tabohsm, although it has been shown in paper flve that 100 grams 
of meat mgested alone caused the hourly metabolism to rise from 
16 2 to 20 2 calories, an mcrease of 4 calories or 25 per cent 
The urinary analyses See next section 

C The standard diet minus 67 grams of meat plus SO grams of 

glutamic acid 

In this experiment, 20 grams of glutamic acid were added to 
the diet last employed so that the 1 9 grams of N contamed in 
the glutamic acid might replace the 2 grams of N contamed in 
the 67 grams of meat withdrawn from the standard diet The 
results of the calorimeter experiments were as follows 
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Experiment 6 


Standard diet minus 67 grams of meat plus SO grams of glutamic and at noon 


TIME 

N IN URINE 

VOV PROTEIN 

RQ 

CALORIES 

Calculated 

Found 

1 00-2 00 

0 135 

0 95 

22 32 

22 42 

2 00-3 00 

0 184 

0 95 

22 30 

22 37 

3 00-4 00 

0 205 

0 95 

23 26 

23 08 

4 00-5 00 

0 239 

0 96 

22 92 

21 62 

Total 



90 go 

89 49 

Average 



22 70 



The heat production is mostly at the expense of carbohydrate 
The addition of glutamic acid was without influence upon the 
metabohsm, which was measured as 22 7 calones per hour in 
contrast ivith 22 8 calones obtained before This accords with 
the results shown m paper five, which demonstrated that glutamic 
acid exerted no influence upon heat production 

The urinary analyses The analyses of the urmes e limin ated 
after givmg the standard diet mmus 67 grams of meat with and 
without 20 grams of glutamic acid are shown below 


Total N in urine after standard diet minus 67 grants of meat 


TIME 


DEC 5 

DEC 5 

PLUS 20 GRAMS GLU' 
TAM2C ACID 


EXP 4 

DEC 14 

dec 15 

EXP 6 

12 00-1 00 

0 150 


0 101 

0 107 


1 00-2 00 

0 135 


0 122 



2 00-3 00 

0 184 


0 122 

BEl 


3 00-4 00 

0 205 


0 185 

0 250 


4 00-5 00 

0 239 


0 157 

0 275 


Totals 

0 913 

0 642* 

0 687 

I 014 

0 S70f 


• 12 to 5 06 1 12 to 5 10 


The value obtained on December 15 was not sufficient to indi- 
cate with certainty that there was any extra excretion of mtrogen 
dunng five hours after the mgestion of the diet containmg 20 
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grams of glutamic acid The urine of the period contained 0 807 
gram, of which 93 per cent was urea plus ammonia nitrogen 
From J anuary 2 to 4, the standard diet was given at six p m , 
at noon on January 3, 50 grams of dextrose were ingested and 
two days later 50 grams of dextrose plus 20 grams of glutamic 
acid were admimstered The following table shows the quan- 
tity of total mtrogen in the urme 


TIMC 

January 3 

January 5 

50 GRAMS DEXTROSQ 

50 GRAMS DEXTROSE + 

20 GRAMS OLUTAMIO ACID 

12 00-1 00 


0 067 

1 00-2 00 


0 111 

2 00-3 00 


0 198 

3 00-4 00 


0 188 

4 00-5 00 j 


0 149 

Total 

0 7273* 

0 713 


' 12 to 5 20 


Since the mtrogen of glutanuc acid readily appears in the urine 
of a phlorhizimzed dog or m the urme of a dog which has been 
given it with Liebig’s extract, it seems that, when given with 
sugar, it must either (1) spare protem from destruction or (2) 
form a synthetic compound with carbohydrate either with glucose 
or with glycogen ivithm the orgamsm This accords with the 
work of Luthje, Murhn and others (see second paper) 

In the calculation of those expenments in which glutamic acid 
was given with a mixed diet, the N ehmination was attributed to 
protein metabohsm 

Summanzmg the total mtrogen excretion for five hours thus 
far discovered, the following results are found 
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DATE 

TIME ] 

j ^ 

1 DIET 

TOTAL N 

Jan 30, 1912 

12 00-5 00 

No food 

0 650 

Apr 9, 1912 

12 00-5 00 

No food 

0 660 

Nov 23, 1911 

12 00-5 00 

Standard diet 

1 007 

Nov 27, 1911 

12 00-5 00 

Standard diet ^ 

1 155 

Nov 29, 1911 

12 00-5 00 

Standard diet 

1 195 

Nov 12, 1911 ' 

12 00-5 15 

Standard diet 

1 081 

Nov 13, 1911 

12 00-5 00 ' 

Standard diet 

1 101 

Jan 8, 1912 

12 00-5 00 

Standard diet 

0 995 

Jan 9, 1912 

12 00-5 09 

Standard diet 

0 932 

Dec 4, 1911 

12 00-5 00 

Standard diet— 67 grams meat 

0 913 

Dec 5, 1911 

12 00-5 06 

Standard diet— 67 grams meat 

0 642 

Dec 6, 1911 

12 00-5 00 

Standard diet— 67 grams meat 

0,687 

Dec 14, 1911 

12 00-5 00 

Standard diet — 67 grams meat 
20 grams glutamic acid 

1 014 

Dec 15, 1911 

12 00-5 10 

1 Standard diet — 67 grams meat 
j + 20 grams glutamic acid 

0 870 


These experiments, by themselves, would confirm Eubner’s view 
that the specific dynamic action of protein does not appear when 
protein is added to a mixed diet, because the added protein merely 
tends to replace the ordinary wear and tear quota of protein 
metabohsm and is not qmckly destroyed as happens when it is 
mgested alone Hence, small variations in the amount of pro- 
tein ingested would cause no change m the metabolism, as indeed 
these experiments tend to indicate 

The following work, however, establishes another view-point 

D One-half portion of the standard diet 

It has been shown that the ingestion of the standard diet with 
its 100 grains of meat or the same with only 33 grams, or, 33 
grams of meat plus 20 grams of glutamic acid, resulted in the 
same metabohsm It was decided to reduce the quantity of food 
that the action of the ammo-acid in metabohsm might be more 
strongly revealed To this end, the standard diet was divided 
into two portions, Portion I and Portion II, each contaming SO 
grains of biscmt meal, 10 grams of lard and 5 grams of bone ash, 
m addition. Portion I contained 33 grams of meat while Portion 
II contamed 67 grams of meat Portion I was used exclusively 
as the diet for the experimental period and was given at noon 
daily, while Portion II was given at 6 p m 
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E Portion I 

The influence of a half-portion of the standard diet known as 
Portion I, IS shown in the following experiments 


Experiments 25 and S7 


Portion I at noon 


TIME 

U 

Z 

a 

P 

z 

z 

M 

H 

O 

* 

CALOBIE8 

a 

z 

3 

p 

z 

z 

3 

o 

Sof 

z 

CALORIES 

Cal 

culated 

Found 

Cal- 

culated 

Found 

1 00-2 00 


0 90 

22 59 

22 75 

0 136 

0 91 


21 13 

2 00-3 00 


0 84 

24 39 

23 46 

0 161 

0 92 

20 77 

21 44 

3 00-4 00 

0 27S 

0 80 

EE 

EE 

0 213 

0 80 

21 95 

19 69 

4 00-5 00 

EES 

EEl 

18 24j 

18 70 

0 188 

0 96 

17 86 


5 00-6 00 





0 188 

0 86 

21 88 

H 

Total 



85 76 

85 11 



103 17 

102 55 

Pei hour 



21 44 




20 63 



Smce the dog moved dunng a period of eight mmutes, between 
two and three o’clock m Expenment 25, thereby causing the me- 
tabolism to increase 2 calories during this hour, the value 20 6 
calories per hour, as found in Expenment 27, may be accepted 
as the true level of metabolism dunng the second to sixth hour 
after the ingestion of Portion I The increase above the basal 
value of 16 2 calones was, therefore, 4 4 calones or 27 per cent 
per hour For the whole period, the increase amounted to 22 7 
calories It may here be recalled that 50 grams of dextrose given 
to this same dog, mcreased the metabohsm 20 per cent m the 
second hour after its ingestion, but it caused a total increase of 
only 8 8 calories Portion I, consisting of 50 grams of biscmt 
meal, 33 grams of meat and 10 grams of fat, has a more powerful 
and more prolonged influence over the production of heat To 
what can this be attributed^ In part perhaps to the more pro- 
longed period of absorption due to the time required for the diges- 
tion of starch This is illustrated by the fact that the respiratory 
quotient indicates that carbohydrate is not so much a domina 
ing factor m the metabohsm as when 50 grams of 
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DATE 

TIUE 

DIET 

TOTAL N 

Jan 30, 1912 

12 00-5 00 

No food 

0 650 

Apr 9, 1912 

12 00-5 00 

No food 

0 660 

Nov 23, 1911 

12 00-5 00 

Standard diet 

1 007 

Nov 27, 1911 

12 00-5 00 

Standard diet 

1 155 

Nov 29, 1911 

12 00-5 00 

Standard diet 

1 195 

Nov 12, 1911 

12 00-5 15 

Standard diet 

1 081 

Nov 13, 1911 

12 00-5 00 

Standard diet 

1 101 

Jan 8, 1912 

12 00-5 00 

Standard diet 

0 995 

Jan 9, 1912 

12 00-5 09 

Standard diet 

0 932 

Dec 4, 1911 

12 00-5 00 

Standard diet— 67 grams meat 

0 913 

Dec 5, 1911 

12 00-5 06 

Standard diet— 67 grams meat 

0 642 

Dec 6, 1911 

12 00-5 00 

Standard diet— 67 grams meat 

0,687 

Dec 14, 1911 

12 00-5 00 

Standard diet — 67 grams meat 
+ 20 grams glutamic acid 

1 014 

Dec 15, 1911 

12 00-5 10 

Standard diet — 67 grams meat 
-f 20 grams glutamic acid 

0 870 


These experiments, by themselves, would confirm Rubner’s view 
that the specific dynamic action of protein does not appear when 
protein is added to a mixed diet, because the added protem merely 
tends to replace the ordmary wear and tear quota of protem 
metabohsm and is not qmckly destroyed as happens when it is 
mgested alone Hence, small variations m the amount of pro- 
tem mgested would cause no change m the metabohsm, as mdeed 
these experiments tend to indicate 

The foUowmg work, however, estabhshes another view-point 

D One-half portion of the standard diet 

It has been shown that the ingestion of the standard diet with 
its 100 grams of meat or the same with only 33 grams, or, 33 
grams of meat plus 20 grams of glutamic acid, resulted m the 
same metabolism It was decided to reduce the quantity of food 
that the action of the ammo-acid m metabohsm might be more 
strongly revealed To this end, the standard diet was divided 
into two portions. Portion I and Portion II, each contaimng 50 
grams of biscmt meal, 10 grams of lard and 5 grams of bone ash, 
m addition, Portion I contained 33 grams of meat while Portion 
II contamed 67 grams of meat Portion I was used exclusively 
as the diet for the experimental period and was given at noon 
daily, while Portion II was given at 6 p m 
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Experiment 30 


SO grains of bisctnl meal at noon 


TIME 

N IN URINE 

NON PROTEIN 

RQ 

CALORIES 

Calculated 

Found 

1 00-2 00 

0 182 

1 00 

18 75 

18 54 

2 00-3 00 

0 182 

0 96 

18 58 

18 15 

3 00-4 00 

0 182 

0 98 

19 31 

18 69 

4 00-5 00 

0 182 

0 88 

19 95 

18 35 

Total 



76 59 

73 73 

Per hour 



19 15 



It IS evident from the above, that the 50 grams of biscuit meal 
induces a metabolism of about 19 15 calories per hour, in con- 
trast with 16 2 calories without food and 20 6 calories with Por- 
tion I 

The unnary analyses On February 23, 50 grams of biscmt 
meal were given at noon and the urme was collected in hourly 
periods and was analyzed with the following results 


Time 

Total N 

12 00-1 00 

0 104 

1 00-2 00 

0 149 

2 00-3 00 

0 160 

3 00-4 00 

0 146 

4 00-5 00 

0 154 

Total 

0 713 


On the day of the experiment, however, the urine between 
noon and 5 05 p m contained 0 930 gram N or 0 182 per hour 
The comparative constancy of the results m hourly periods be- 
tween one and five o’clock m the first experiment, led to the appor- 
tionment of the nitrogen of the calorimeter period equally among 
the several hours of the calorimeter experiment 


G 50 grams of biscuit meal plus 10 grams of lard 

The results obtained after givmg 50 grams of biscuit meal plus 
10 grams of lard are given below 
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Experivienl SI 

50 grams of biscuit meal plus 10 grams of lard 


TIME 

N IN TJMNE 

NON PROTEIN 
RQ 

CALORIES 


Found 

1 00-2 00 

0 140 

0 90 

17 37 

17 99 

2 00-3 00 

0 166 

0 93 

19 79 

18 62 

3 00-4 00 

0 166 

0 90 

20 09 

19 47 

Total 



S7 25 

56 08 

Per hour 



19 08 



The result of this experiment shows that the heat production 
IS uninfluenced by the addition of 10 grams of lard to 60 grains of 
biscuit meal The respiratory quotient is lowered by the inges- 
tion of fat but Eubner’s isodynamic law holds true, and the total 
heat production is not increased 

The urinary analyses On February 28, the urine showed the 
following analytical results after giving 50 grains of biscuit meal 
plus 10 grams of lard 


Time 

Total N 

12 00-1 00 

0 1306 

1 00-2 00 

0 2078 

2 00-3 00 

0 2585 

3 00-4 00 

0 2503 

Total 

0 8470 


Since the urine of February 29 during the period from noon 
till 4 07 pm contained only 0 677 gram of mtrogen, mtrogen 
values obtained after giving 50 grams of biscuit meal on February 
27 were employed 

H Analysis of the effect of Portion I 


The followmg table summarized the results obtamed after giv- 
ing Portion I and fractions thereof 


DIET 

N IN URINE 
PER HOUR 

CALCULATED 
PER HOUR 

No food 

0 132 

16 2 

50 grams biscuit meal 

0 182 

19 15 

50 grams biscuit meal + 10 grams lard 

50 grams biscuit meal 10 grams lard 4- 33 grams 

0 164 

19 08 

meat 

0 170 

20 63 
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It IS evident that the addition of a small quantity of fat has 
no influence on the heat production, whereas as small an amount 
of meat as 33 grams very considerably increases the metabohsm 
The increase m metabohsm caused by meat ingestion is, however, 
in no way accompamed by an increased protem metabohsm as 
indicated by comparison of the average hourly output of unnary 
nitrogen durmg the calorimeter periods It has already been 
shovm in the last paper, that 100 grams of meat (3 grams N) 
caused the production of 20 2 calories per hour in this dog, so 
that it may be that the amino-acids from 33 grams (1 gram N) 
of meat, together with those contained in- 50 grams of biscuit 
meal (1 1 grams N), may be largely determinative of the height 
of metabolism (20 6 calories) when Portion I is given This 
would be true if the cells were stimulated to increased oxidation 
by amino-acids In presenting this idea, it is not forgotten that 
Rubner’s interpretation, as regards the cause of the rise in heat 
production, also explams the phenomenon 
The truth of the matter, however, was to be laid bare after the 
completion of experiments involving the ingestion of ammo-acids 
with Portion I 


I 20 grams of glutamic acid plus Portion I 

As was to be expected from the former work, glutamic acid 
showed no power to increase metabohsm when it was given with 
Portion I The results of an experiment illustrating this is given 
here 

Experiment £S 


20 grams oj glutamic acid plus Portion I at noon 


TIME 

! 1 

i N IK tJBtKC 1 

! 1 

NOV TROTEIK 

RQ 

CALORIES 

Calculated 

Found 

1 00-2 00 

0 202 

1 03 

20 80 

21 66 

2 00-3 00 

0 260 

0 96 i 

19 08 j 

19 76 

3 00-4 00 

0 278 

0 72 

18 69 1 

18 11 

4 00-5 00 

0 248 

1 

0 90 

i 21 96 1 

1 ! 

19 76 

Total 

1 


80 53 

79 29 

Per hour 

1 

[ 


j 20 13 

1 
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The value 20 13 calories per hour agrees well ivith 20 6 calo- 
ries found with Portion I alone on February 19 

The urinary analyses The same condition of affairs as was 
found to exist after giving glutamic acid with the standard diet, 
was revealed in the analysis of the imne after givmg Portion I 
with glutamic acid, that is to say, there was no,certam increase 
in the amount of mtrogen m the urme This is shown in the 
following 


Urinary analyses after giving Portion I plus SO grams of glutamic acid at noon 


TIUS 

Febbuary 15 

j Febuoabt 16 

1 

TOTAL N 

TJBEA + NHl 
N 


DBEA + NHl 
N 

10 00-11 00 
Intermission 

0 103 


0 139 


12 00-1 00 

0 123 

0 107 



1 00-2 00 

0 157 

0 143 



2 00-3 00 

0 208 

0 184 



3 00-4 00 

0 180 

0 156 



4 00-5 00 

0 282 i 

0 262 



Total 

0 950 

0 852 

1 234* 

1 130 

Per cent 


89 


91 


* Urine from noon to 5 08 p m 


Although the urine obtamed on the calorimeter day, contained 
more nitrogen than on the day previous, it did not contam more 
than on February 12, when Portion I alone was given The 
hourly figures of February 12 were, therefore, adopted as repre- 
senting the protein metabohsm of February 16 On the latter 
date 7 15 grams of N were given includmg that contamed in Por- 
tions I and II and 20 grams of glutamic acid, while durmg the 
twenty-four hours from noon till noon of the next day only 3 79 
grams were eliminated in the urme It does not seem possible 
that the explanation of this is due to non-absorption of glutamic 
acid, for given with Liebig’s extract it is freely absorbed, nor is 
it probable that it can be stored ivithout change, for this result 
was obtamed on the second consecutive day of its admimstra- 
tion- 

’ The matter has not been followed to a conclusion, but it may be possi- 
ble that glutamic acid favors synthetic construction of new protein 
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J 20 grams of alanine plus Portion I 

lu paper five it was shown that the ingestion of 20 grams of 
alamne with Liebig's extract of meat caused a rise of heat pro- 
duction from 16 2 calories to 19 2 calories per hour extending 
through the fifth hour To the same dog, Portion I with 20 
grams of alanme was administered with the following results 

Experiments 34 and 32 


20 grams of alSiine + Portion I at noon 


TIME 

g 

0 

£ 

z 

A 

13 

0 

s: 

S 

< 

2 

M 

H 

0 

£0? 

s 

CALORIES 

protein 

Amino* 

acid 

Non- 

proteln 

Total 

Cal- 

culated 

Found 

1 00-2 00 

0 212 



5 63 

0 91 

imi 

18 57 

21 19 

2 00-3 00 

0 225 

0 169 


5 98 

3 27 

11 29 


20 84 

3 00-t 00 

0 200 

0 242 


5 55 

4 67 

9 12 

19 34 

21 68 

4 00-5 00 

0 197 


0 83 

5 21 

4 25 

11 07 

20 S3 

21 08 

5 00-6 00 

0 187 

0 136 


4 95 


13 92 

21 49 

22 76 

Total 




27 32 

15 72 

57 43 

100 47 

107 55 

Per hour 







20 09 



The experiments presented here should be compared with Ex- 
periments 25 and 27 when Portion I was given without the addi- 
tion of alamne and in which the metabohsm was 21 4 and 20 6 
calories per hour There is no increase in metabolism due to the 
addition of 20 grams of alanine to Portion I In paper five, it was 
estimated that 15 46 calories were liberated from alamne metabo- 
lized in four hours after the administration of 20 grams of the 
substance in Liebig’s broth In the present expenment, the esti- 
mated mcrease is 15 7 calories for five hours Although alanine 
was certainly metabolized, it exerted no “ specific dynamic” influence 
when given with the mixed diet which produced a total metabolism of 
20 6 Calories per hour, although administered alone it raised the me- 
tabolism from the basal value of 16 2 to 19 2 calories per hour 
The urinary analyses After adding 20 grams of alamne to 
Portion I, the urinary mtrogen nearly doubled in quantity although 
no such effect was obtained with glutarmc acid The results 
are given below 
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Urinary analyses after giving Portion I plus 20 grams of alanine at noon 


TIME 

March 1* j 

March i 

TOTAL N 

UREA + NHa 

N 

TOTAL N 

UREA + NHj 

N 

12 00-1 00 

0 234 


■Bl 

0 218 

1 00-2 00 

0 234 

0 181 


0 174 

2 00-3 00 

0 396 

0 289 , 

0 466 

0 369 

3 00-4 00 

0 396 

0 289 

0 519 

0 409 

4 00-5 00 

0 460 

0 369 1 

0 484 

0 379 

6 00-6 00 

0 460 

0 369 ' 

0 338 

0 295 

Total 

2 180 



1 S44 

Per cent 




79 


* The urine of this day was obtained In periods of two hours each 


On March 7, Experiment 32, and on March 9, Expenment 34, 
when the dog was m the calorimeter, the following urinary analy- 
ses were made and are compared with the figures obtained on 
March 4, as given above 


DATE 

TIME 

TOTAL N 

CBEA + NH» 
V 

PER CENT 

March 7 

12 00-6 00 

2 564 

1 995 

78 

March 4 

12 00-6 00 


1 844 

79 

March 9 

12 00-4 00 

1 397 

0 971 

70 

March 4 

12 00-4 00 

1 505 

1 170 

79 


The mtrogen figures found on March 4 appear, therefore, to 
be a trustworthy indication of the results on the days when the 
dog was in the calorimeter To determine the hourly protein 
metabohsm, the nitrogen figures obtained when Portion I was 
given on March 19 were adopted To determine the metabo- 
hsm of alamne, the difference between the urea plus ammonia 
mtrogen figures obtained on March 19 after giving Portion I 
and the urea plus ammoma mtrogen after giving Portion I plus 
alanine on March 4, was calculated, and with the following results 


Time 

N of alanine 
metabolized 

12 00-1 00 

0 122 

1 00-2 00 

0 047 

2 00-3 00 

0 169 

3 00-4 00 

0 242 

4 00-5 00 

0 220 

5 00-6 00 

0 136 

Total 

0 936 
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The figures were adopted in the hourly computations m Experi- 
ments 32 and 34 The objections to the method were discussed 
in paper five 


K 20 grams of glycocoll plus Portion I 

The results obtained after givmg 25 grams of glycocoll were 
shown in paper five The metabolism rose from 16 2 calories 
to 21 8 and 22 8 calories per hour during the second to fifth 
hours after its mgestion In the following experiments, 20 grams 
of glycocoll were given with Portion I with the follow mg results 


Experiments 35 and 37 
SO grams of glycocoll plus Portion I at noon 















:>D 

T teupi:r,\.tube 

End ‘ Dlfforenco 

MORNINa 

WEIGHT 

1IHHA.VIOB 07 DOO 

FOOD AT NOON 










38 

31 

+0 

11 

9 4 

Very quiet 

100 grams meat 


38 

35 

; +° 

04 


Very qmet 

100 grams biscuit meal 


38 

40 

+0 

11 


Moving 10 min 

20 grams lard 


38 

54 

+0 

08 


Moving 10 min 



39 



52 

8 9 

Very quiet 

100 grams meat 


39 

42 


36 


Quiet 

100 grams biscuit meal 


39 

55 


13 


Moving 3 min 

20 grams lard 


37 

85 


08 

9 4 

Very quiet 

33 grams meat 


38 



20 


Very quiet 

100 grams biscuit meal 


38 

24 

, +0 

1 

19 


Action 2J mm 

20 grams lard 


38 

08 

+0 

19 

9 3 

Very quiet 

33 grams meat 


38 

22 

+0 

14 


Very quiet 

100 grams biscuit meal 


38 

34 

+0 

12 


Moving 2 min 

20 grams lard 


38 

32 

-0 

02 


Very quiet 

20 grams glutamic acid 


38 

67 

+0 

01 

9 2 

Very quiet 

33 grams meat 


38 

78 

+0 

11 


Movmg 8 min 

50 grams biscmt meal 


38 

86 

+0 

08 


Very quiet 

10 grams lard 


38 

84 

-0 

02 


Very quiet 



38 

82 

+0 

35 

9 5 

Very quiet 

33 grams meat 


38 

96 

+0 

14 


Quiet 

50 grams biscuit meal 


38 

64 

-0 

32 


Moving 1 mm 

10 grams lard 


38 

90 

+0 

26 


Quiet 


1 

38 

80 

-0 

10 


Moving 4 mm 








DODT TEMPERATURE 


Start 

I End 

DlCTcreoco 

MORmNQ 

WEIQUT 

BEHAVIOR OP DOQ 

POOD AT NOON 




kg 



3S 35 

38 45 

+0 10 

9 4 

Very quiet 

50 grams biscuit meal 


38 52 

+0 07 


Very quiet 



38 62 

1 +0 10 


Moving 2 mm 



38 60 

. -0 02 

1 


Moving 4 min 


38 02 

38 22 

+0 20 

9 5 

Quiet 

50 grams biscmt meal 


38 46 

+0 24 


Moving 1 min 

10 grams lard 


38 52 

+0 06 


Moving 2 min 


38 35 

38 60 

+0 25 

9 4 

Quiet 

33 grams meat 


38 64 

+0 04 


Quiet 

50 grams biscuit meal 


38 45 

-0 19 


Quiet 

10 grams lard 


38 66 

+0 21 


Moving 2 min 

20 grams glutamic acid 

38 63 

38 90 

+0 27 

9 4 

Very quiet 

33 grams meat 


38 82 

-0 08 


Quiet 

50 grams biscuit meal 


38 96 

+0 14 


Moving 4 mm 

10 grams lard 






20 grams t-alamne 

38 80 

38 76 

-0 04 

9 4 

Quiet 

33 grams meat 


38 86 

+0 10 


Moving 1 mm 

50 grams biscuit meal 


39 00 

+0 14 


Moving 2 min 

10 grams lard 






20 grams t-alanine 

38 08 

38 39 

+0 31 

9 5 

Very quiet 

33 grams meat 


38 29 

-0 10 


Very quiet 

50 grams biscuit meal 


38 28 

-0 01 


Moving 4 min 

10 grams lard 


38 11 

+0 03 


Moving 4 min 

20 grams glycocoll 

38 01 

38 04 

+0 03 

9 5 

Quiet 

33 grams meat 


38 01 

-0 03 


Quiet 

50 grams biscuit meal 


38 09 

+0 08 


Quiet 

10 grams lard 


37 88 

-0 21 


Moving 1 min 

20 grams glycocoll 
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Creatine Metabolism of the Pig 


appears m the urine of fasting men, rabbits and dogs but the 
amount present m the urine of the dog may be very httle influenced 
by fastmg ® 

Fohn and Denis® have confirmed the observation of Rose respect- 
ing the presence of creatine m the urine of young children even 
when no creatine is taken m the food They attribute the pres- 
ence of creatine to the high protein content of the children’s diet 
It IS difficult to reconcile the fact that children excrete creatine 
with the theory of Mendel and Rose that creatme does not result 
from the metabolism of exogenous or of reserve protein, but only 
from endogenous metabolism Well-fed children take so much 
carbohydrate as to make one doubt whether a sufficient carbo- 
hydrate hunger could ensue (durmg the mght) to account for the 
relatively high values regularly found for creatine 
The present work was planned to throw hght on whether crea- 
tme can originate from exogenous protein metabolism and, if so, 
what IS the influence of the plane of protein intake on creatme 

TABLE r 

Creatme and creatmine eltmtnahon during xnamlion in the ptg 


Weight of pig, 85 pounds Urine preserved Mith a solution of thymol in 
toluene Starvation started Januarj 19 


DATE 

VOLUME OF URINE 

TOTAL N 

CREATININE 

TOTAL CREATININE 

January 

ce 

grams 

gram 

gram 

25 

355 

3 713 

0 898 

0 898 

26 

300 

3 906 

0 916 

0 900 

27 

350 

3 518 

0 821 

0 798 

28 

216 

3 101 

* 

0 829 

29 

170 

2 822 

0 688 

0 706 

30 

184 

2 903 

0 745 

0 745 

31 

156 

2 761 

0 683 

0 683 

1 

174 

2 470 

0 655 

0 655 

2 

200 

2 812 

0 720 

0 736 


• Dotorminatlon lo3t thiough the formation of difficultly soluble crystals on standing when 
preserved with picric acid In the volumetric flask 


‘ Howe, Mattill and Hawk loc cit , Underhill and Kleiner this Journal 

IV, p 165, 1908, Mendel and Rose xbid,\,p 213, 1911, give a discussion of the 

literature of creatine and creatinine metabolism, Dorner Zeitschr j 
physiol Chem , hi, pp 239, 243, 1907 
‘ Folin and Denis this Journal, xi, p 253, 1912 
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excretion when the energy metabolized remains constant Pigs 
were employed as experimental animals 
At the outset we were surprised to find that moderate fastmg 
does not lead to creatine elimination m the pig One of us has 
noted^ that after a few days on a diet of starch and salts the urine 
of growing pigs becomes creatme-free We have conducted two 
experiments in which pigs were fasted for fourteen and sixteen days 
respectively without the appearance of appreciable amounts of 
creatine in the urme Table I gives the results of one of these 
experiments In the other case only the urines of the thirteenth 
to sLxteenth days were examined and creatine was found to be 
absent 

Of the different species of animals observed the rabbit seems to 
be the most sensitive to fasting, a high mtrogen and creatine out- 
put appearing in two or three days It is a significant fact that 
Mendel and Rose® obtained the largest creatine elimination with 
the most poorly nourished rabbit during starvation The dog is 
much less sensitive and from our observations it appears that the 
pig IS still less so than the dog The fact that a well-nourished 
pig can fast from fourteen to sixteen days ivithout excreting 
appreciable amounts of creatine, sheds considerable light on the 
interpretation which should be put upon the observations on 
this point made upon other species 
The most plausible explanation of these results would seem to 
be the assumption of different degrees of ability to utihze fat as 
a source of energy When the rabbit fasts, the total mtrogen 
rises rapidly mdicatmg an increase m endogenous nitrogen 
catabohsm ” This does not happen in the dog except possibly in a 
slight degree and our own observations on fastmg pigs have shown 
that the total mtrogen in the urine steadily falls to a very low level 
On teleological grounds one might reason that, since the pig is one 
of the most efficient storers of fat, he might be expected to utihze 
it readily when necessary for energy production This seems to 
be the case The elirmnation of much creatine by the rabbit dur- 
ing fastmg is unquestionably the result of increased tissue catab- 
olism due to his inability to draw his supply of energy from other 

^McCollum Amer Journ of Phystol , \\i\, p 210, 1911 
* This Journal, \, p 222, 1911 
’ Cf Mendel and Rose ibid 
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Creatine Metabolism of the Pig 

sources (fat) An endogenous ongin of creatine seems therefore 
to be defimtely estabhshed In the dog, fat is oxidized or other- 
wise transformed for energy production with much greater facihty 
than m the rabbit and the endogenous metabohsm is therefore 
not greatly accelerated durmg starvation so long as fat is available 
In the pig, since we find no creatine m the urine dunng the early 
stages of fasting (14r-16 days), it would seem that fat is utilized 
so readily or energy production that no acceleration of tissue 
catabolism takes place The small amount of creatine of endog- 
enous orig’n, when the latter type of catabolism is at its minimum, 
IS destroj ed in the body All observers agree that on a hberal 
carbohyd ate diet no creatine is excreted by any of the species 
referred ^o above Our experience, in accord with others, shows 
that there exists coasiderable irregularity in the excretion of crea- 
tine on a uniform diet This has been attributed to a destruction 
of creatine by enz3Tne action We have data ourselves tending 
to substantiate this idea Unnes preserved with both toluene and 
chloroform and mcubated at 37® showed a regular and fanly rapid 
decrease in creatine and total creatinme content These enzymes, 
on the basis of the work of Gottlieb and Stangassmger*'’ and of 
Rothman/^ seem to be generally distributed through the animal 
tissues 

TABLE n 


Weight of pig, 66 pounds at beginning, 67 pounds at end of record Diet, 
825 grams corn meal, 13 85 grams N and 2002 calories Calories per kilo, 
97 (55 X creatinine N) 


DVTE 

VOLUME OF 
uaivE 

1 N IN URINE 1 

CREATININE ' 

CREATINE 

CREATINE AB 
PEBCENTAOB 
OF TOTAL 
CREATININE 

May 

cc 

grams 

■BBi 

gram 


25 

923 

6 770 


0 0326 

mSm 

26 

1170 

7 500 


0 0 


27 

1230 

7 380 

0 7140 

0 0 


28 

1230 

7 257 

0 7683 

0 0 


29 

1210 

8 107 

mmM 

0 0 


30 

1570 

9 263 1 


0 0448 

7 11 

31 

1410 

7 896 

0 8184 

0 0093 

1 12 


v* ZerhcliT f physiol Chem , lu, p 1, 1907 
“ Ibid Ivii, p 131, 1908 
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Lecithin Synthesis in the Hen 


types can be synthesized m large amounts by birds taking rations 
free from this class of compounds 

Experiments with fat-free rations compounded of isolated and 
punfied food substances have not yet been successfully employed 
m experiments involving reproduction ® In our own work we 
have employed a ration consistmg of 30 per cent Mernll-Soule’s 
skim milk powder and 70 per cent pohshed nee, the latter thor- 
oughly extracted with boihng alcohol The milk powder contamed 
0 6 per cent of ether-soluble matter and the ether extract was prac- 
tically free from phosphorus The lecithins present in the whole 
milk are nearly completely removed with the cream by the cen- 
trifugal process The nee, before extraction, was ground to a fine 
powder Two extractions were made, using a liberal amount of 
95 per cent alcohol and mamtaimng a boihng temperature for 
from twenty to thirty mmutes It was then transferred to a 
press and nearly freed from alcohol, and finally spread m a thin 
layer until the alcohol was all evaporated The nee thus treated 
was practically fat- and lecithin-free 
The hens selected for the experiment were hatched in June 1910, 
and were fed an ordmary mixed ration until October 31 when they 
were placed in a cage, the floor of which was covered with clean 
sand The hens were kept in the attic of the poultry bmlding 
throughout the expenment There was no failure of the appetite 
at any time The imtial weights of the birds were as follows 
No 102, 967 grams, No 103, 1476 grams. No 106, 1184 grains 
The average consumption of food per day from October 31, 1910, 
to March 1, 1911, was 175 6 grams for the three or 58 5 grams per 
day per bird The energy intake was about 235 calones per day 
for each hen The weights of the hens on January 30, at which 
date the first eggs were secured, were as follows No 102, 1290 
grams, gam 33 per cent. No 103, 2013 grams, gam, 36 4 per cent, 
No 106, 1588 grams, gam, 34 1 per cent 
The hens were not trap-nested so no individual records for egg 
production can be given Between January 30 and April 15, 
fifty-seven eggs were secured It is known that at least three eggs 
were eaten by the hens The egg production was therefore not 
far from normal for pullets of this age 

“ See Osborne and Mendel this Journal, xn, p 81, 1912 
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Creatine Metabolism of the Pig 


sources (fat) An endogenous origin of creatine seems therefore 
to be definitely established In the dog, fat is oxidized or other- 
wise transformed for energy production with much greater facihty 
than in the rabbit and the endogenous metabohsm is therefore 
not greatly accelerated during starvation so long as fat is available 
In the pig, since we find no creatine m the urine dunng the early 
stages of fasting (14-16 days), it would seem that fat is utilized 
so readily or energy production that no acceleration of tissue 
catabolism takes place The small amount of creatine of endog- 
enous orig'n, when the latter t3T)e of catabolism is at its mmimum, 
is destroy ed in the body AH observers agree that on a hberal 
carbohyd ate diet no creatine is excreted by any of the species 
referred above Our experience, m accord with others, shows 
that there exists considerable irregularity in the excretion of crea- 
tine on a uniform diet This has been attnbuted to a destruction 
of creatine by enzyme action We have data ourselves tending 
to substantiate this idea Urmes preserved with both toluene and 
chloroform and mcubated at 37® showed a regular and fanly rapid 
decrease m creatine and total creatinine content These enzymes, 
on the basis of the work of Gottlieb and Stangassinger*'* and of 
Rothman, seem to be generally distributed through the annual 
tissues 

TABin II 


Weight of pig, 66 pounds at beginning, 67 pounds at end of record Diet, 
S25 grains corn meal, 13 85 grains N and 3903 calories Calories per kilo, 
07 (55 X creatinine N) 


DATE 

VOI/UME OP 
CRINE 

1 

! N IN CRIVE 

1 

CREATININE 

CREATINE 

CREATINE AS 
PEnCENTACB 
OF TOTAL 
CREATININE 

May 

■ 

cc 

prams 

prom ■ 

gram 


25 

923 

6 770 

0 7672 

0 0326 

4 07 

26 

1170 

7 500 

0 9266 

0 0 

0 0 

27 

1230 

7 380 

0 7140 

0 0 

0 0 

28 

1230 

7 257 

0 7683 

1 0 0 

0 0 

29 

1210 

S 107 



1 

30 

1570 

9 263 

■IH 


7 11 

31 

1410 

7 896 

1 

0 8184 


1 12 


w ZeilschT f physiol Cheni , lu, p 1, 1907 
nlbid Ivii, p 131, 1908 
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types can be synthesized m large amounts by birds taking rations 
free from this class of compounds 

Experiments with fat-free rations compoimded of isolated and 
punfied food substances have not yet been successfully employed 
m experiments involving reproduction ® In our own work we 
have employed a ration consistmg of 30 per cent Mernll-Soule’s 
skim milk powder and 70 per cent pohshed nee, the latter thor- 
oughly extracted with boihng alcohol The milk powder contamed 
0 6 per cent of ether-soluble matter and the ether extract was prac- 
tically free from phosphorus The lecithins present in the whole 
milk are nearly completely removed with the cream by the cen- 
trifugal process The nee, before extraction, was ground to a fine 
powder Two extractions were made, using a liberal amount of 
95 per cent alcohol and mamtaimng a boihng temperature for 
from twenty to thirty mmutes It was then transferred to a 
press and nearly freed from alcohol, and finally spread in a thin 
layer until the alcohol was all evaporated The nee thus treated 
was practically fat- and lecithin-free 
The hens selected for the experiment were hatched in June 1910, 
and were fed an ordmary mixed ration until October 31 when they 
were placed in a cage, the floor of which was covered with clean 
sand The hens were kept m the attic of the poultry building 
throughout the expenment There was no failure of the appetite 
at any time The mitial weights of the birds were as follows 
No 102, 967 grams. No 103, 1476 grams. No 106, 1184 grains 
The average consumption of food per day from October 31, 1910, 
to March 1, 1911, was 175 6 grams for the three or 58 5 grams per 
day per bird The energy intake was about 235 calones per day 
for each hen The weights of the hens on January 30, at which 
date the first eggs were secured, were as follows No 102, 1290 
grams, gam 33 per cent. No 103, 2013 grams, gam, 36 4 per cent, 
No 106, 1588 grams, gam, 34 1 per cent 
The hens were not trap-nested so no individual records for egg 
production can be given Between January 30 and April 15, 
fifty-seven eggs were secured It is known that at least three eggs 
were eaten by the hens The egg production was therefore not 
far from normal for pullets of this age 


“ See Osborne and Mendel this Journal, xn, p 81, 1912 



McCollum, Halpm and Drescher 221 

The yolli5 from the fifty-seven eggs weighed, as separated from 
the whites, 883 6 grams, an average yolk production of 294 5 
grams per hen The average white production per hen v as 465 5 
grams As the eggs were collected they were weighed, broken and 
the whites and jmlks separated and separately weighed The 
yolks were dropped mto 95 per cent alcohol and preserved until 
the end of the expenment 

A mixed sample of these jmlks was found, by the method of 
Koch and Woods,” to contain 3 per cent of lecithin and 6 39 per 
cent of kephahn, a total phosphatide content of 9 39 per cent 
Each hen deposited m the egg-yolks produced by her 27 65 grams 
of phosphorized fats It is fair to assume that the bodies of the 
hens contained more phosphatides at the end of the expenment 
than at the begmmng, and also that some phosphatides were 
present in the whites The fat content of the fresh yolks was 32 8 
per cent 

Since the average daily consumption of sbra milk powder was 
17 55 grams, the fat content of which was 0 105 gram, the 
fat intake per hen durmg the feeding period of one hundred and 
sixty-five days was 17 37 grams Being ordinary butter fat most 
of it was not smtable for direct deposition in the eggs It is evi- 
dent therefore that the synthesis of phosphatides is readily accom- 
plished m the body of the hen when the ration is free from these 
substances 

We possess but httle evidence as to whether the lecithins of the 
egg yolk are of a specific nature, or are of a vanable character and 
influenced by the character of the fats or lecithins of the food 
If the lecithins of the yolk are transferred without change to the 
nervous system of the developing chick it would seem highly prob- 
able that the fatty acid radicals of the lecithms must be of a specific 
and imvarymg character It is highly improbable that the com- 
position of the nervous system of the chick, as respects the phos- 
phatides, which form a part of the functiomng orgamzed matter, 
can vary through the substitution of, for example, oleyl-stearyl- 
lecithin, which might be abundant m the food, for oleyl-palmityl- 
lecithin, which the ammal might synthesize if compelled to do so 
by lack of compounds of this character in the diet On the other 


' Koch and Woods this Journal, i, p 203, 1905 
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hand, that portion of the lecithin which is broken down during incu- 
bation to supply phosphoric acid for skeletal formation might, so 
far as one can see, be equally efficient if made of any of the ordi- 
nary fatty acid radicals, since these all yield about the same amount 
of energy Mesernizhy'® has shown that the lecithin content of 
the egg decreases markedly during incubation 
Bang“ holds that since the proteins as we know them in the 
purified state are relatively stable substances, and we have no 
evidence that any high degree of lability exists in the proteins 
present in the living protoplasm, it is justifiable to attnbute greater 
importance to the unstable complex hpoids which form a part of 
every living cell, than to the proteins, that the lipoids, among all 
the components of the colloidal systems which mamfest the proper- 
ties of living matter, are the most labile, and deserve therefore to be 
assigned an important r61e in the metabolic processes If this 
assumption be justified one would expect to find for a portion of 
the lecithins of the yolk a specificity of composition and structure 
This view IS supported by the work of Hennques and Hansen’* 
who conclude that the fatty acids of yolk lecithins are constant in 
character (iodine number) and independent of the character of 
the food hpoids, while the fats of the eggs are variable and easily 
influenced by the fats of the diet 
It should be stated that m the experiments of Hennques and 
Hansen the periods of expenmental feeding were shorter than 
thirty days in six periods and were forty-two days in the other two, 
and eggs were collected during the entire periods An effort nas 
made to change by this method the nature of the fatty acid radicals 
of the egg lecithins by feeding barley, peas, nee, hempseed and 
linseed, and iodine numbers of 72 5, 70 8, 66 9, 74 7 and 78 4 
respectively were obtained for the lecithins There is no evidence 
that m their expenments a S3Tithesis of lecithins actually occurred 
Of still greater interest is their observation that the iodine num- 
bers of all lecithins exanuned by them were such as to indicate 
for the fatty acids themselves an iodine number of about 100, 
which would indicate the presence of acids having a higher iodine 
number than oleic acid (80-90) The idea of a specificity of the 

Mesernizky Btochem Ccnlralbl , vi, p 784, 1907 
n Bang Ergch d Physiol , vi, p 134, 1907 
* Hennques and Hansen SKand Arch f Physiol , \iv, P 
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character of the lecithins is strengthened by their observation 
that preparations of lecithins from dog and ox brains showed nearly 
the same iodine numbers ( 96 - 100 ) as did those from egg lecithins 
These results of Henriques and Hansen make especially interest- 
ing the iodine numbers of lecithins produced by our hens where a 
complete synthesis of all the organic complexes of the lecithins 
was made absolutely certain The following table gives the values 
for the fats and lecithins of the eggs produced in the experiments 
here descnbed, and, for comparison, the corresponding values for 
eggs from the farm flock on an ordinary ration 



1 IODINE NiniBER 

I II 

1 

Fats 



) 

Nearly lipoid-free ration 

50 0 

1 54 36 

51 1 

Ordinary ration 

63 2 i 

65 5 i 


Lecithins 




Nearlj Iipoid-free ration 

35 22 

34 07 

34 0 

Ordinary ration 

63 7 

1 ^ 



The method of obtaimng the lecithins was as follows 

The yolks were removed from the alcohol and placed in an evaporating 
dish, covered with a watch glass and heated on a steam bath for a short 
time to remove most of the alcohol Ether was then added repeatedly in 
small portions and the evaporation continued until the alcohol was all 
removed By this process the yolks were protected as much as possible 
from the air The yolks were then dried in a desiccator over sulphuric 
acid, the desiccator being evacuated by the ether method When dry, the 
sample w as transferred to an extraction apparatus and thoroughly extracted 
with ether The ether was evaporated, the last part being removed over 
sulphuric acid in a desiccator Great care was taken to prevent exposure 
of the fat and lecithm preparations to the air The residue from the ether 
extraction was extracted with seven or eight portions of hot alcohol (95 
per cent), each digestion being continued about fifteen minutes The com- 
bmed alcohol extracts were concentrated on a steam bath Toward the 
end of the evaporation small portions of ether were repeatedly added to has- 
ten the removal of the alcohol and to protect the lipoids from the air The 
product was finally dissolved in ether and precipitated with ten volumes 
of acetone After once reprecipitating, the lecithins were dried in a vacuum 
desiccator over sulphuric acid The alcohol in which the eggs were pre- 
served was evaporated in the manner described and the residue treated in 
the same way as the yolks 
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The iodine numbers were made on different samples and there 
IS no doubt that they represent the true values for the fats and 
lecithins from the mixed eggs From these results we must con- 
clude that the lecithins of the egg yolk are vanable m respect to 
the nature of the fatty acid radicals they contain and that their 
nature is influenced by the character of the hpoids of the diet 
The lodme numbers of lecithins m yolks from a nearly hpoid-free 
diet correspond fairly well with those which one naight expect for 
a lecithin contammg one molecule of oleic and one of a saturated 
fatty acid It is sigmficant that the lowest iodine number obtained 
by Henriques and Hansen was from a nee diet which was very 
poor m lipoids 

Unfortunately none of the eggs with these low lodme numbers 
were hatched, but this will be done as soon as more can be pro- 
duced It wiU be of interest to compare the lecithms of the 
nervous system of chicks, hatched from such egp, with those of 
chicks obtamed after feeding rations similar to those of Hennques 
and Hansen, when the rations are fed long enough to secure the 
maximum influence of an abundance of highly unsaturated hpoids 
of the diet on the lecithins of the egg 
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(Received for publication, September 24, 1912 ) 

Probably on account of the diflSculties attendant on their collec- 
tion the data at hand regarding the composition of the urine of 
marine ammals are extremely limited, and decidedly fragmentary 
m character, in fact so far as the author is able to ascertain, no 
analyses showing the distribution of nitrogen m twenty-four-hour 
quantities of unne in even the larger marine ammals, such as the 
fish, are to be found in the literature 
As, by means of the micro-chemical methods for the analysis 
of urme recently published by Folm and his associates, it is now 
possible to make observations on the distnbution of mtrogen in 
twenty-four-hour samples of the unne of relatively small ammals, 
the time seemed ripe for an effort to investigate the metabolism 
of lower animals, from the standpoint of urine analysis, more 
thoroughly than has so far been attempted 
As the great majonty of fish possess no bladder but allow the 
urine to escape as soon as formed, it was first necessary to find some 
method by which this fluid could be collected accurately over 
twenty-four-hour penods My original intention was to study 
the urine of both the elasmobranchs and of the teleosts, it ivas 
found impossible, however, in the period durmg which the work 
of collection was carried on to obtain enough specimens of any 
one species of bony fish to make work along this line profitable, 
m the present paper, therefore, the data presented consist largely 
of observations on the urine of one of the elasmobranchs, the smooth 
dog fish [Mustehs cams), which is extraordinarily abundant along 
the north Atlantic coast Analjdical data concerning the urme of 
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one bony fish, the goose fish {Lophius piscatomis),axe also presented, 
the matenal for this work having been taken from the bladder 
shortly after death 

The method used for the collection of twenty-four-hour samples 
of urine from the dog fish was as follows * 

Large male animals were used almost entirely The female maj be 
employed but in the male the insertion of the cannula is accomplished nith 
much greater ease than in the female The animal was first securely fas- 
tened, dorsal surface up, in a holder consisting of a V-shaped trough about 
18 inches long and 6 inches deep The fish fastened to the holder was then 
placed in a long narrow tank of running sea water in such a position that 
while the head including the gills was under water the remaining two-thirds 
of the body including the cloaca was above the surface of the hquid 
The cloaca was then stretched open by means of hooks inserted laterally 
and an ordinary glass cannula inserted and securely tied directly into the 
urinary papilla The latter operation is particularly easy to accomplish 
in the mature male in which the papilla may be as much as a quarter of an 
inch in length In the male the cannula may now be tied by means of 
thread to the “claspers " In the female it is necessary to suture it to the 
fins in order that it may not bo pulled out during the subsequent struggles 
of the fish 

The animal was now removed from its holder, placed on its side and care- 
fully tied by means of inch wide bandages to a board about 2 feet in length 
The whole i\as now placed in a large tank, well supplied with running sea 
water, and was fastened in such a position that the cloaca was raised above 
the surface of the liquid A net tonel placed over the tail kept the latter 
moist 

The urine was collected in a large test tube which was hung on the side of 
the tank considerably below the head of the fish This test tube was closed 
by means of a two-hole rubber stopper, through one hole of which passed a 
short glass tube, which in turn connected nith a piece of narrow pure gum 
tubing, the other end of which nas attached to the cannula in the urinary 
papilla 

All urine samples were preserved with chloroform and were analyzed for 
nitrogenous constituents not later than thirty hours after collection 

The method outlined above is extremely simple and has the 
advantage that as no surgical procedure is necessary no anaes- 
thetics need be used and at the same time elimination from the 
intestine is not interfered \nth Gentle pressure applied in the 

* The method outlined above for the collection of urine was suggested 
to me by Mr Scott of the Department of Natural History of the College of 
the City of New York I have also to thank Mr Scott for much valuable 

assistance during the development of the method 
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median Ime of the dorsal surface about 1 to 6 inches above the 
cloaca will serve to expel an}'' urme present m the ureters and, if 
this procedure be employed just before insertion and just previous 
to removal of the cannula, a fairly accurate measure of the amount 
of urme excreted in a given period of time may be obtained 

If it IS not desired to heep the fish bound to a board durmg the 
collection it may be conveniently placed in a trough so narrow 
that the ammal is unable to turn around, I have used this method 
m a few cases but lack of conveniently arranged tanks made its 
exclusive adoption impossible 

The method described above differs fundamentally from the pro- 
cedures used by Herter,- by Baglioni® and by Burian^ for the col- 
lection of fish urine in the fact that I have always arranged the 
cannula so that the urme was drained away as soon as formed 
The quantity of urme eliminated m twenty-four hours by the dog 
fish IS surprisingly small considering the size of the animal, as vail 
be shovm by the results tabulated below All animals used were 
males 


FISH NO 1 

LEKOTH 

■WEIGHT 

VOLUME OF URINE 
COLLECTED IN TWENTT 
FOUR HOURS 


cm 

grama 

cc 

26 

94 

2268 

15 

29 

76 

1134 

11 

30 

86 

1814 

27 

31 

71 

964 

17 

32 

92 

2041 

30 

35 

69 

964 

25 

36 

81 

1588 

22 

37 

81 

1360 

27 


The dog fish survives pithing of the cord remarkably well and ■will 
usually five apparently m good condition for several days after 
the operation As m many physiological expenments involving 
the collection of urme destruction of the cord is to be desired, I 
have made a number of collections of twenty-four-hour quantities 
of unne from fish in which the cord had been destroyed up to about 
the level of the dorsal fin 

• Herter Mitth aus der zool Slat zu Neapel, x, p 342, 1891 

* Burian Zeitschr f btol Techmk u Method, 1 , p 383, 1909 

‘ Bagliom Zentralbl f Phys%ol , xix, p 385, 1903 
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risn NO 

BEX 

LENGTH 

weiqht 

VOLEME or URINE 
COLLECTED IN 
TWENTT POUR 
HOURS 



cm 

(jrams 

CC 

1 

9 

92 

1815 

20 0 

3 

9 

94 

2722 

21 0 

9 

cf 

81 

1446 

19 5 

11 

9 

96 

1810 

13 0 

18 

9 

96 

15SS 

20 0 

19 

& 

107 

2948 

44 0 

20 

& 

79 

1174 

17 0 

21 

o' 

91 

1813 

17 5 


As will be seen by an inspection of these results the quantity of 
urine eliminated m twenty-four hours is about the same in the 
pithed as in the normal animal, the average twenty-four-hour 
quantity for the former being 21 5 cc and for the latter, 21 7 cc 
An examination of the analytical results given below will show, 
however, that m the pithed animal a much less concentrated urine 
IS secreted than in the normal fish 
When first passed, the urine of the dog fish is a clear odorless, 
almost colorless fluid ivith a slight yelloivish-green tinge and a 
reaction distinctly acid to litmus After standing for a fsw days, 
even when preserved mth chloroform, it becomes cloudy, and the 
color darkens gradually until when several weeks old it possesses 
the color of a moderately concentiated human urine 

In all, the urine of about thirty animals was examined and in 
no case was any reducing sugar of albumin found The murexide 
reaction is readily obtained Creatinine appears to be present, but 
the amount is so small that quantitative measurements were im- 
possible, even by the Fohn method No creatine could be detected 
The analytical methods used w'ere as follows specific gravity 
by the hydrometer, total nitrogen by the method of Fohn and 
Farmer,® urea by the potassium acetate method of Fohn,® ammonia 
and unc acid by the methods of Fohn and Macallum,^ phosphates 

‘This Journal, xi, p 493, 1912 
‘ Ibid , XI, p 507, 1912 

’ Ibid , \i, pp 205, 623, 1912 (The method used for the colorimetric 
determination of unc acid mil be published shortly from this laboratorj ) 
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by the uranium acetate titration and total sulphur by the author’s® 
modification of the Benedict method The animals from which 
urine was collected had m every case been caught from twenty- 
four to forty-eight hours before the experiment was started, and 
during this time were kept m cages immersed m the ocean 


Fish so 

Male, weight, 1814 grams, fasting, volume of urine collected in twenty- 
four hours, 27 cc , specific gravity, 1 032 



MILUORAMS IK 
' TIV EKTT four 
nODRS 

milliqramb 

PER CC 

PER CENT or TOTAL 
NITROOEN 

Total nitrogen 


4 5 


Urea nitrogen 


4 0 

89 0 

Ammonia nitrogen 

2 3 


1 9 

Uric acid nitrogen 

0 31 

0 011 


Creatinine nitrogen 

1 

Present 




Fish £9 


Male, weight, 1134 grams, fasting, volume of urine collected in twenty- 
four hoars, 11 oc 



MILLIORAUS IN 
TWENTY FOUR 
HOURS 

MILLIGRAMS 

PER CC 

PER CENT OP TOTAL 
NITROGEN 

Total mtrogen 

58 3 

5 3 


Urea nitrogen 

51 5 

4 7 

88 6 

Ammonia nitrogen 

1 32 

0 12 

2 2 


Ftsh 31 


Male, weight, 964 grams, volume of urine collected in twenty-four hours, 
17 cc This animal was allowed to feed on a large amount of fish muscle 
about SIX hours before the collection of urine was commenced 



MILLIGRAMS IN 

1 TWENTY FOUR 
HOURS 

MILUORAMS 

PER CC 

PER CENT OP TOTAL 
NITROOEN 

Total mtrogen 

113 0 

6 6 

82 6 

Urea nitrogen 

93 4 

5 5 

Ammonia nitrogen 

5 18 

0 30 

1 4 5 


® This Journal, viii, p 401, 1910 










230 


Urine of the Fish 


Ftsh 10 


Male, weight, 2918 grains, fasting, spinal cord pithed from tip of tail to 
about the level of the dorsal fin, volume of urine collected in twenty four 
hours, 41 cc 



MrLLlOnA&fS IN 
TX\ ESTT rODR 
iiounfi 

UILLIORAUS 
PER CC 

PER CENT OP TOTAL 
NITROOEN 

Total nitrogen 


2 37 


Urea nitrogen 


2 00 

84 2 

Ammonia nitrogen 

3 3 

0 075 

3 1 

Creatinine nitrogen 

Present 

1 


Creatine nitrogen 

None 



Uric acid nitrogen 

0 5C 

0 012 

05 


Ftsh 19a 

Male, weight, 2940 grams, fasting, spinal cord pithed, volume of urine 
collected in twenty -four hours, 27 cc 


1 XflLUORAMSlS 
[ TWeSTY FOUR 
* nOURB 

MILLIORAMB 

PER CC 

PER CENT OP TOTAL 
vitboqbv 

Total nitrogen 


2 3 


Urea nitrogen 

53 00 

1 00 

1 85 2 

Ammonia nitrogen 

3 78 

0 14 

6 1 

Uric acid nitrogen 

0 40 

0 015 


Creatinine 

Present 




Mi\cd urines of fishes 20 and 21, both males , w eight of fish 20, 1174 grams, 
volume of urine for tw caty-four hours, 17 cc , weight of fish 21, 1813 grams, 
^ olumo of urine for twenty-four hours, 17 cc , both fasting, spinal cord 

, » » . t. _ j ? 



UILLIORAUS PER 1000 CC 

TER CENT or TOTAL 
inrBOQEN 

Total nitrogen 

3200 


Urea nitrogen 

2G00 

81 0 

Ammonia nitrogen 

340 

10 6 

Creatinine nitrogen 

Present 


Creatine mtrogen 

None 


Uric acid nitrogen 

22 
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Analysis of a composite sample of unne collected from ten fasting dog fish 


Specific gravity, 1 030 



1 

QRAMS PEn LJTEn 

^ PER CENT OF TOTAL 

NITROGEN 

Total nitrogen 

4 200 


Urea nitrogen | 

3 390 

80 7 

Ammonia nitrogen 

0 310 

7 3 

Chlorides (as NaCl) 

12 86 


Phosphates (as PjOtl 

4 520 


Total sulphur (as SO 3 ) 

7 08 


Total sulphates (as SO si 

3 40 



The goose fish (Loplnus piscaionus) proved of all the teleosts 
available to be the best suited for the study of the urinary secre- 
tion, as this animal is provided with a bladder of large capacity 
However, during the time spent at Woods Hole only one specimen 
was available in which the bladdei contained urine In this case 
158 cc of urine were removed from the bladder about an hour after 
death and immediately analyzed The urine of the goose fish is 
a clear, odorless, almost colorless fluid, which after long standing 
(when preserved with chloroform) becomes faintly yellow The 
specific gravity was found to be 1 013 The reaction is distinctly 
acid to litmus No albumin or reducing sugar could be detected 
As in the unne of the dog fish the amount of phosphates is so large 
that when the unne is boiled a thick flocculent precipitate is 
obtained which readily dissolves on the addition of a drop of acetic 
acid On making alkaline with sodium hydrate a large amount of 
precipitate is also obtained probably due to the presence of an 
excess of earthy phosphate 

Uric acid is apparently not present as the murexide test gave 
negative results, while even with the very delicate phosphotungstic 
acid reagent’ (which gives unmistakable results with 1 part of uric 
acid m 500,000 parts of water), used m the colorimetric method 
for the quantitative determination of the substance, no indication 
of its presence could be found 


' Fohn and Denis this Journal, mi, p 237, 1912 

1 ® This IS in agreement with the observations of Rywosch on the urine of 
the carp Wien med TFoclienscftr , 1893, pp 47, 48, and with the earher work 
of Davy Trans Roy Soc Edinburgh, xxi, p 543, 857 
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No creatine or creatinine could be detected by the use of the 
Jaff4 test 



MILLianAMS PER LITER 

PER CENT OF TOTAL 
MTROOEN 

Total nitrogen 

400 


Urea nitrogen 

248 

62 

Ammonia nitrogen 

52 

13 


It IS planned to extend this investigation to a study of the 
metabolism of a number of the cold-blooded animals, such as the 
fish, and of such of the amphibia and reptiles as may be found 
available for this type of work 



MAINTENANCE EXPERIMENTS WITH ISOLATED 
PROTEINS 1 


Br THOMAS B OSBORNE and LAFAYETTE B MENDEL 
With the Co6peration of Edna L Ferry 

(Fro7)i the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in Yale Uni- 
lersity, New Haven, Connecticut ) 

(Reccned for publication, September 25, 1912 ) 

In earlier papers on our feeding experiments with isolated food 
substances" we have attempted to justify the selection of the white 
rat for the study of some of the problems connected with nutri- 
tion This ammal is easily reared and cared for Its small size 
reduces the food reqmrement to a magnitude which falls within 
the range of experimental possibility where the preparation of 
special dietaries by labonous processes is a fundamental prerequi- 
site A possible advantage in the use of smaller ammals like those 
which we have selected lies in the fact that marked changes 
m nutntive equihbrium speedily mamfest themselves Further- 
more, the longevity of this animal is, according to Donaldson, 
about three years, so that the first year of life corresponds to a 
long span in terms of human years Not insigmficant is the addi- 
tional fact that the white rat has m recent years been made the 
subject of exceptionally extensive measurements in respect to 
growth and various features of development at the Wistar Insti- 
tute in Philadelphia and elsewhere In this way physical standards, 
so to speak, have been established for this ammal Inasmuch as 
we have successfully maintained albino rats over periods of more 

1 The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of M ash- 
ington, D C 

" Osborne and Mendel Feeding Experiments with Isolated Food Sub- 
stances Carnegie Institution of Washington, Publication 156, Parts I 
and II, 1911, Zeilschr f physiol Chem , Ixxx, p 307, 1912, this Journal, 
XU, p 473, 1912 
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than 600 days on artificially prepared food mixtures we believe 
that the adaptability of the animal for the purposes under consid- 
eration must be admitted The chief obstacles to success have 
been those diseases, usually involving the lungs, which other work- 
ers with rats have also found troublesome These diseases, how- 
ever, have made less inroad upon our carefully selected and cared 
for experimental animals than upon the ammals of our stock 
colony We believe that by the application of further hygienic 
precaution the disease factor can be largely ehnunated 

The work of earher investigators, who have attempted to deter- 
imne whether any single protein or combination of proteins is 
capable of supplying the nitrogenous needs of the body, has been 
reviewed m an earher publication ^ If we except the investiga- 
tions of Rohmann,'* the details of which have not yet been pub- 
lished, it would appear from the records of our predecessors that 
"experiments in which one form of protein has been given as the 
sole source of nitrogen for a long period demonstrate that, in spite 
of the abundance of nitrogen m the diet, the animal ceases to 
thnve * Experiments in which the foodstuffs admimstered were 
sufficiently "pure” to give some permanent sigmficance to the 
results obtained are few in number Occasional records show 
that ammals have been kept over one hundred days, as a rule, 
however, part of this penod has been charactenzed by a decline 
m body weight which obviously must vitiate the success of any 
demonstration of maintenance on "artificial” diets The reserve 
store of nutnents m many animals is sufficient to keep them ahve 
for considerable penods even on inadequate dietanes, so that the 
continuance of life is by no means equivalent to adequate nutn- 
tive maintenance This fact has too often been overlooked m 
the interpretation of nutrition experiments 

The futility of studying nutrition by methods m which even the 
" control” ammals decline ought to be obvious and is brought to 
mind by recent expenments of Frank and Schittenhelm® who failed 

’ Osborne and Mendel, Carnegie Institution of Washington, Publication 
156, Part I, p 6, 1911, see also Cathcart The Physiology of Protein Melabo 
lism, 1912, p 74 

* Rohmann Biochem Zeiischr , xxxix, p 507, 1912 
“ Cathcart The Physiology of Protein Metabolism, 1912, p 74 
' Frank and Schittenhelm Therapeutische Monalshefte, xxvi, p 112, 19 
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to nounsli rats adequately on a diet of egg-wliite, starch, glucose, 
fat, cellulose and salt mix-ture Their rats declined within thirty 
days on this diet which was selected to be compared with a dietary 
in which complete^’’ digested proteins formed the source of nitro- 
gen The authors emphasize the fact that such digestion prod- 
ucts ma}’- at times contain objectionable toxic substances (amines 0 
Their insistence on the use of "pure” proteins, however, loses 
part of its sigmficance in the light of the fact that none of their 
artificial feedings were reasonably successful even with supposedly 
favorable selections of diet 

In explanation of the failures ot our predecessors various sug- 
gestions have been offered The failure to eat sufficient food has 
clearly been a frequent obstacle, as has been emphasized among 
others b3'- IMcCollum ’’ Aside from this, however, "much of the 
earlier work in this connection,” as Cathcart remarks, “was 
faulty owing either to the manner in which the experiments were 
earned out, or to the fact that the diets could not be regarded as 
'pure,’ i e , the protein used was not absolutelj’- free from impuri- 
ties ” He adds "Notvnthstanding this it has been found that if 
the animals be kept for a prolonged period on one diet they invari- 
ably die in spite of an abundant caloric intake ® We propose to con- 
sider this criticism carefully in the experiments to be reported below 

The necessity of long continued experiments calls for particular 
emphasis Phj’^siological alterations dependent upon the gradual 
depletion of a small store of essential tissue material may mam- 
fest themselves with extreme slowness, and the fact that a satis- 
factory nutritive balance can be maintained for a week or two or 
even a month in some cases is no guarantee of either the ultimate 
success of the dietary or of the impossibility of a decline owing to 
the inappropriate exhibition of an essential ingredient (cf Charts 
1, 2 and 3) This has further been brought out most stnkingly m 
the splendid study of Hart, McCollum Steenbock and Humphrey 
on the physiological effects on growth and reproduction of rations 
balanced from restricted sources ® They have shown that ammals 
fed rations from different plant sources and comparably balanced 

1 McCollum Amer Journ of Phystol , xxv, p 120, 1909 

' Cathcart The Physiology of Protein Metabolism, 1912, p 74 

5 Hart, McCollum, Steenbock and Humphrey University of Wisconsin 
Agricultural Experiment Station, Research Bulletin No 17, 1911 
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m regard to the supply of digestible organic nutrients and pro- 
duction therms were not ahke m respect to general vigor, size and 
strength of offspring and capacity for milk secretion The records 
extend over three years so that the gradual mamfestations of de- 
parture from the normal standards of health and physiological 
efficiency which failed to reveal themselves in the earher period 
were not overlooked As these authors say, “unquestionably the 
physiological value of a ration is largely dependent upon its chem- 
ical constituents, but the usual determinations made on feeding 
matenals do not reveal the character or manner of combmation 
of many of the constituents Consequently the physiological 
value can be determined, in the present state of our knowledge, 
only by long continued observations of the reaction of the feed on 
the animal ” 

A consideration of the prolonged maintenance of any ammal 
raises the question as to its natural duration of life In the case 
of the white rat we know of few statements which can lay claim 
to any accurate basis The current view, based apparently on a 
statement by Donaldson, that the average life span of the albino 
rat is about three years, rests on the fact that there had been no 
records of a survival of this penod in ammals under observation 
Recent studies by Slonaker*® mdicate that a white rat can live to 
an age of 1361 days The incidence of disease m a large rat 
colony must be taken into account in connection with duration 
tests, and it has proved to be less detnmental among our isolated 
experimental ammals than in the larger colony where the animals 
are maintained on mixed food under conditions more nearly like 
those to which they are accustomed by nature In fact the mor- 
tality among our expenmental rats has thus far been smaller than 
among our supply animals 

The weight of the animals constitutes, we believe, the best 
index at the present time of satisfactory nutntive mamtenance 
The necessity of distinguishing carefully between nutntion m 
mamtenance and m growth has been emphasized m another place 

Slonaker Journal of Ammal Behavior, u, pp 20-42, 1912, also The 
Effect of a Strictly Vegetable Diet on the Spontaneous Activity, the Kate 
of Growth, and the Longevity of the Albino Rat, Leland Stanford Junior 
University Publications, 1912 

” Osborne and Mendel Zeitschr f physiol Chem Ixxx, p 307, 1912 
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Perhaps, as Waters has suggested, the term maintenance has been 
used somewhat loosely m the past, but hke others we have been m 
the habit of regarding the animal in maintenance when its live 
weight was constant “A more correct definition of the term 
would perhaps be to say that an ammal was m maintenance when 
its body was m energy balance, but the live weight has been the 
conventional measure of our maintenance values In the pres- 
ent report we are concerned solely with the maintenance features 

Under selected conditions of diet an animal can be maintained 
adequately without growth (cf Chart 4) Furthermore a repara- 
tion of tissue IS not necessarily identical with growth (cf the 
weight gained by Rat 134, m Chart 5, days 72 to 120, which shows 
that it IS possible to restore tissue loss, exemphfied in decline of 
body weight, by the use of dietaries which are inadequate for 
growth) Recovery from the dechne due to malnutrition, for 
example, may thus be brought about by gliadin feeding The 
possible dissimilarity of the processes of maintenance, growth, 
and repair, in so far as they affect the r61e of proteins in nutrition, 
has also been emphasized by McCollum The distinctions here 
made are illustrated by many of the charts in the appendix 

It IS perhaps unnecessary to remark that there may be involved 
m the problems of maintenance and grovdh many other factors, 
VIZ , the total energy intake, the character of the inorgamc salts, 
the specific nature of the carbohydrates in the diet, quantitative 
and qualitative differences*^ in the proteins administered as well 
as the indefinable so-called “hormones ” Indeed some writers 
at the present time believe that in the latter, as yet unknown 
factors, rests the secret to nutritive success Thus Cathcart has 
lately wntten, “it is clear that apart from the caloric intake and 
the protein, carbohydrate and fat content of the food, there is 
some factor or factors which influences the utilization, perhaps 

Waters The Capacity of Animals to grow under Adverse Conditions, 
Proceedings Society for the Promotion of Agricultural Science, xxi\, p 3, 
1908 

•’McCollum Amer Journ of Physiol , xxix, p 215,1911 

•• The choice of a protein content of about 18 per cent in our food mixtures 
has been determined by nutrition trials with varying concentrations of 
protein in the diet These will be described elsewhere The proportions 
here selected fall within the range of our most successful experimen n 

the non-protein factors are otherwise the same 
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also the amount of food required This evidence practically points 
to the presence of some ‘mineral’ substance, or substances, in 
normal food which are absent m 'pure' food In an earlier report 
it was stated that an animal had been fed more than 217 days on a 
diet in which the sole protein was glutemn The complete record 
of this ammal. Rat 71, is given m Chart 6, since it illustrates a 
number of important features connected with our feeding expen- 
ments It will be noted that the decline after 300 days of expen- 
mental feeding which could not be prevented by the addition of a 
second protein, edestin, to the diet was speedily prevented by the 
administration of mixed food during a penod of one week When 
the earlier glutemn food was again fed in period 8 a gradual decline 
again set in, this was however promptly averted, and striking 
reparation made, when “protein-free milk” was used to replace 
the inorganic salts and part of the carbohydrates of the dietary 
On this food mixture the animal continued for 144 days until death 
ensued after 531 days of experimental feeding, the immediate cause 
being an abscess of the jaw resulting m the inability of the animal 
to eat Old age may have contributed matenally to the final 
decline of this rat A peculiar sigmficance centers about period 
6 on the curve because it clearly shows that the factors determin- 
ing successful nutntion were here involved in some other compo- 
nent of the dietary than the protein itself The reasons which 
have led to the use of the protein-free milk as an adjuvant of our 
dietaries, as well as the possible criticisms in respect to a mimmal 
protein content which may attach to its use, have been presented 
m detail elsewhere 

We have already called attention to the necessity of long 
continued experiments if the actual sufficiency of a diet is to be 
determined A deficiency in some essential ingredient may not 
make itself mamfest for a long time, and even then be difficult to 
detect, for many other causes than defects in the food may lead 
to the decline or death of ammals during experiments lasting over 
many months It is only when the failure to be maintained is 

“ Cathoart The Physiology of Protein Metabolism, 1912, p 76, cf also 
Hopkins Journ of Physiol , xhv, p 425, 1912, Suzuki, Shimamura an 
Odake Biochem Zeitschr , xhii, p 89, 1912 

1 ' Osborne and Mendel Carnegie Institution of Washington, Publica 10 
156, Part II, 1911, Zeifsclir / physiol Chcm 307, 1912, This /ourno , 

xii, p 483, 1912 
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the invariable outcome of the prolonged feeding on a given diet 
that we are justified in assuming that the diet is m some ay inade- 
quate, and then only when a prompt and complete recovery 
ensues when the diet is changed to one that is Lnomi to be in all 
respects sufficient (cf Chart 1, period 3, Chart 2, period 4, Chart 3, 
period 5, and Chart 6, period 6) Our experience shows that eveiy 
animal has sooner or later declined when fed with mixtures of iso- 
lated and purified proteins, carbohydrates and fats together with 
inorganic matter in the form of crystallized salts In nearlj’- 
everj’^ case the decline has been sudden, -with strong evidence 
that death would soon have ensued had not the food been changed 
In each case immediate recovery has followed a change in the diet, 
thus shovnng the expenmental foods to be inadequate for pro- 
longed nutrition 

Wliether the deficiency of the purely artificial diet is to be 
attnbuted to improper proportions of its constituents, to improper 
combinations of these constituents, or to the lack of some essential 
element, is at present difficult to determine That the elements 
essential for prolonged maintenance are present in milk from which 
the fat and protein have been removed is also shovm in the charts 
already referred to In every case the substitution of a food 
containing its inorgamc constituents and a part of its carbohydrate 
m the form of this so-called “protein-free milk” has resulted in 
immediate recover}'' of the depleted ammal, and thereafter the 
ammal has continued in a well-nourished state until its life ter- 
minated from disease or old age If we compare the body weight 
curves of mature animals maintained in nutritive equilibrium on 
the purely artificial diet with those of ammals fed on a diet known 
to be deficient in some element supposed to be essential for main- 
tenance, we find a marked difference Thus animals kept on a 
diet free from inorganic salts or on one contaimng as its sole pro- 
tein either zein or gelatin, which lack trj'ptophane, immediately 
decline and continue to fall in \\ eight throughout the entire time 
of such feeding, whereas in the experiments ivith the purely 
artificial mixtures contaimng adequate proteins and inorganic 
salts a decline in weight occurs only after some time, and is then, 
in nearly every case, sudden and severe That no serious damage 
has been done to the ammal is shown by its rapid recoverj'^ when 
protein-free milk is added to the food, however, that it has suffered 
in some way is indicated by the fact that when restored to its 
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onginal weight it cannot then be again maintained for any con- 
siderable time when returned to the onginal diet 
Whether or not this means that its cells have lost something 
essential for their normal activity, which is furnished by the “pro- 
tein-free milk,” cannot now be determined, but the expenmen- 
tal evidence is sufficient to justify a search for such a substance m 
milk Recently published investigations by Hopkins'’ indicate 
that milk, as well as other natural food matenals, contains a sub- 
stance or substances which, even m very small quantities, suffices 
to induce normal and continued growth, for several weeks at least, 
m rats mamtamed on artificial mixtures of food substances which 
are otherwise inadequate for growth ^ 

Charts 5, 7, 8, 9, 10 and 11 show that with the aid of “protein- 
free milk” it IS possible to maintain rats for periods equal to pracli- 
cally their entire adult lives on foods containing a single purified 
protein, and also that the successful food proteins may differ 
very "widely m their chemical make-up "without affecting the phy- 
sical well being of the ammal to anj”- noticeable extent If we con- 
sider that after hydrolysis "with acids gliadm yields 25 per cent of 
its nitrogen as ammoma, while casein and edestm yield only 10 
per cent, and that gliadm yields only 5 8 per cent of its nitrogen 
as basic amino-acids while casein yields 22 2 per cent and edestm 
31 4 per cent, it is e"vndent that the form m which the nitrogen is 
presented to the animal is very different for each of these proteins 
These differences are further emphasized by the proportion of 
some of the ammo-acids determined by methods which give results 
of sufficient accuracy to justify companson 



CASEIV 

EDESTIV 

QLIADIV 

1 

Arginine 

3 81 

14 17 

3 16 

Histidine 

2 50 

2 19 

1 56 

Lysine 

5 95 

1 65 


Glutaminic acid 

15 55 

18 74 

43 66 

Glycocoll 

0 00 

3 80 

0 00 


• Regarding the presence of lysine In glladin see Osborne and Mendel This Journal xll 
p 480 1912 


” Hopkins Journ of Physiol , \liv, p 425, 1912 

Cf also Suzuki, Shimamura and Odake Biochem Zeilschr , xlm, p 
89, 1912 
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Another important difference, which has usually been over- 
looked when comparing casein with other proteins, is that only 
about 0 1 per cent of sulphur can be obtained as sulphide from 
casein, whereas from edestm 0 35 and from ghadm 0 62 per cent 
can be obtained, thus showing that casein contains very little 
cystine 

The possibility ot successful maintenance is not by any means 
restricted to the particular proteins employed m these cperiments 
It happens, however, that our longest records involve those pro- 
tems which earliest ehcited our experimental interest, and which 
could be prepared in pure form most advantageously 

Special importance centers m the remarkably successful main- 
tenance of rats upon ghadm The continuance of Rat 130, for 
example (see Chart 11), during more than 530 days of adult life 
on a rmxture of isolated food substances contaimng a single pro- 
tein deficient m two familiar Bausteme, lysine and glycocoll,^® 
and which affords an inadequate diet for satisfactory growth, 
furmshes by far the longest experiment on record of “artificial" 
nutrition and should serve to justify the renewal of studies with 
the isolated foodstuffs We have at present records of twelve 
rats which have been maintained more than 400 days on compar- 
able food mixtures and five animals whose maintenance record 
exceeds 500 days These prolonged nutrition trials exceed m 
duration the best maintenance records which we have thus far 
obtained in our stock colony of animals fed on mixed foods Bear- 
ing in mind that these diets are, m addition to their probable 
freedom from glycocoll in the case of casein, and their deficiency 
m glycocoll and lysine in the case of ghadm, devoid of more than 
the merest possible traces of purines and of phosphoproteins, 
except m the case of casern, the synthetic activities of the orgamsm 
are again clearly brought to mind It would surely be an extreme 
exaggeration of every metabolic probability to assume that m 
periods extending far longer than a year, i e , approximately 
one-half of an ammal’s span of hfe, the orgamsm had conserved its 
store of the missing chemical complexes or altered its chemical 
make-up The latter assumption indeed is completely at vari- 
ance both with the available evidence regarding the chemical 

Regarding the possible presence of lysine and glycocoll in ghadm, see 
Osborne and Mendel This Journal, xii, p 4S0, 1912 
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fixity of the tissues and biological considerations respecting the 
identity of species 

The possible cnticism which may be evoked by the use of “pro- 
tein-free milk” contaimng a minute trace of unremoved milk 
piotein (equivalent to about 0 5 per cent of the entire food), 
can be met satisfactorily only by maintenance experiments which 
we are now conducting with artificial mixtures of inorgamc salts 
and carbohydrates The trials have as yet continued over too 
short periods to be in any way comparable ^vith the longer records 
above A few charts are, however, appended (see Charts 12 and 
13) beeause they already indicate a considerable degree of success 
in the absence of milk protein as well as of the hypothetical organic 
“hormones,” etc , present m the milk The expenences with the 
artificial salt mixture I (see Charts 2, 7, 10 and 14) afford evi- 
dence on this point, for m these experiments the ammalswere 
mamtamed in good health for 190, 360, 400 and 200 days respec- 
tively before declining m weight 
As a corollary, so to speak, to the preceding experiments m 
successful maintenance are appended a few records of failures of 
maintenance associated with the administration of manifestly 
inadequate proteins (cf Charts 15, 16, 17, 18, 19, 20 and 21) 
In several of these the ready restoration of body weight by the 
addition of, or replacement by, adequate protein is clearly indi- 
cated It IS interesting to note the more or less successful repair 
of nutritive failure by ghadin (see Charts 17, 18 and 21) which is 
inadequate to promote true growth 

The failure to be maintained on the inadequate proteins, zem 
and gelatin, is not to be ascribed to a failure in utilization, for 
nitrogen determinations made on the feces showed that the utili- 
zation of the protein was good 

DISCUSSION 

The currently discussed theories of metabolism, emphasize the 
importance of the “Bausteine” as fundamental factors in protein 
metabolism, and they lay stress by inference, if not by experiment, 

Osborne and Mendel Proc Soc for Exp Biol and M^d , ix, p i2, 1912 
The physiological role of ghadin is discussed by Osborne and Mende 
This Journal, xii, p 473, 1912 
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upon the results of supplying these m adequate proportions as a 
primaiy requisite^ Now and then there has arisen a protest 
against the general view that the similarity of the molecule of the 
food protein to that of the specific body proteins determines its 
relative food A^alue to the animal, and that any one of the essential 
cleavage products uhich is present m smallest amount in the food 
protein determines the value of the entire molecule to the animal 
McCollum,"’ for example, has presented expeiimental data which 
do not harmonize entirely with the most ividely accepted theones 
concerning the chemistry of protein metabolism and which he inter- 
prets to indicate that the piocesses of cellular catabolism and repair 
do not involve the construction and resynthesis of the entire pro- 
tein molecule Abderhalden has lately summanzed his view of 
the situation m these words 

Hwt mussen v.it aVletdiivgs einc zurzeit noch grosse Luckc in unseren 
Kenntnissen bcsondcrs hervorheben Wir wissen noch schr nenig uber 
die Falugkeiten der tienschen Zellen Ammosauren zu bilden Nur fur 
Glykokoll 1 st beniesen, dass es aufgebaut werden kann Fernor nissen 
wir von Tryptophan, dass es offenbar von den Korperzellen nicht gebildet 
wird Ebenso soheinen die aromatischen Bausteme nicht ersetzbar zu 
sein Es muss somit der Mbglichkeit gereohnet nerden, dass 

die Zelle imstande 1 st, manchen Baustein zu erganzen und damit das zu 
Gebote stehende Aminosauregemisch besser vern ertbar zu machen Durch 
die Hervorhebung dieser Lucken in unseren Kenntnissen uber den inter- 
mediaren Zellstoffnechscl wird das Hypothetische in unseren Vorstel- 
lungen uber den Ablauf des Eiweissstoffwechsels im tienschen Organismus 
mit Absicht besonders betont 

The experimental records presented in the preceding pages 
suggest that we have in the past greatly underestimated the possi- 
bility of a transmutation or synthesis of ammo-acids in the oigan- 
ism, and that these chemical processes may play a more signifi- 
cant part in nutrition than has been credited to them hitherto 
The reahzation of the possibility of a transmutation of amino-acids 
has an obvious bearing upon the question of the quantity of pro- 
tein in the diet, for the arguments in favor of a liberal protein 

” Cf Mendel Ergeh d Physiol , xi p 418, 1911, Cathcart The Plnjsi- 
ology of Protein Metabolism, 1912 

’’ McCollum Amcr Journ of Physiol , \xix, p 215, 1911 

« Abderhalden Synthesc der Zellbausleine in Pflanze und Tier, Berlin, 
1912 
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intake have m part been based upon the belief that all of the Baus- 
teine must be supplied in adequate amounts The ability to be 
maintained over long periods on the chemically umque protein 
gliadin IS an excellent illustration of the point raised 

To •what extent the daily “wear and tear” of metabolism may 
require a new supply of Bausteme to replace depleted tissue, 
remains a matter of conjecture at present Studies to determine 
the amount of nitrogenous material involved m what Rubner has 
termed the “ Abnutzungsquote” show that it is not large in quan- 
tity The experiments here recorded give no answer to the possi- 
ble extent of the synthesis of new ammo-acids except perhaps in 
the case of glycocoll and lysine Further investigations mth the 
various proteins must be undertaken to determine the relalm 
minimum quantities of each of them essential for long continued 
maintenance Our foods ordmaril}’^ contained 18 per cent of 
protein — a proportion of the total intake found m the case of 
casein to be larger than the necessary mimmum of about 6-7 
per cent of the food Similar experiments are now m progress 
with gliadin and edestm 

That a protein as unlike the tissue proteins as is gliadin can, 
m fact, serw'e for the construction of new tissues through the inter- 
vention of the metabolic processes of the mature animal is no 
longer to be doubted m new of an experiment reported in another 
paper,^^ m which a pair of rats maintained 178 days on gliadin 
as the sole protein in the diet produced four healthy young and 
successfully reared them This involved not only the construe 
tion of the tissues of the young, but also the production of the 
milk by which they were successfullj’’ nourished 
The recent observation of Grafe and Schlapfer on the protein- 
spanng action of organic ammonium salts,-® as well as those of 
Abderhalden,^^ taken m connection cvith the stnking e'qieriments 
of Knoop and Embden on the synthesis of mdmdual amino-acids 
under purely expenmental conditions, brings the synthetic pow’ers 
of the ammal organism into new prominence Indeed as Grafe 
remarks 

‘ Osborne and Mendel This Journal, \n, p 473, 1912 
Grafe and Schlapfer Zmtschr f physiol Chem , Ixxvu, p h ^ ' 

Grafe ibid , Ixxviu, p 485, 1912 

Abderhalden ibid , Kxviii, p 1, 1912 
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Da \vir hier erst am Anfange unserer Kenntmsse auf emem ganz neuen 
Gebiete des intcrmcdiaren Stoffwechsels und der synthetischcn Leistungs- 
fahigkeit des tienschen Organismus stehen, haben zunachst naturhch alle 
Delitungsv e-suche nur sehr untergeordnete Bedeutung und konnen nur als 
Arbeitshjpothesen dienlich sein 

Further evidence of the physiological efficiency of animals main- 
tained on single proteins is brought out by the fact that the capac- 
ity of reproduction has not been impaired m these ammals and 
no obvious physical defects or unusual behavior were discernible 

The long records from the continued use of unchanged rations 
afford further confirmation of what we have earlier pointed out, 
namely, that monotony of diet is not necessarily a tronblesome 
factor and is not of such importance m nutrition problems as is 
usually supposed 

To what extent alimentary bacteria may intervene to fnrnish 
adequate building stones to the orgamsm by utilizing the products 
of digestion found m the alimentary tract as their oavn nutritive 
pabulum and reconverting it by means of their emment synthetic 
capacity into products suitable for the higher organisms cannot be 
defimtely stated It is not impossible that in the case of such 
substances as ammomum salts they may render some effective 
service by converting the mtrogen into other assimilable forms 
We do not at present regard these bacterial possibilities as an 
adequate explanation of the nutritive success recorded, otherwise 
there is no apparent reason why a protein defective for growth 
should not be rendered efficient through this means The con- 
tributions of the microorganisms to nutrient efGciency need further 
mvestigation and the possibilities have lately been clearly sum- 
marized by Armsby 

We beheve that experiments such as those reported m this 
paper show the possibility of approaching certain of the problems 
of nutrition by new and hitherto discredited methods of study 
The exceptionally long periods of feeding and observation mvoHed 
m our successful trials are in striking contrast wath most of the 
previously published records If we had been content to discon- 

Cf Hart, McCollum, Steenbock and Humphrey University of Wis- 
consin, Agricultural Experiment Station, Research Bulletin No 17, 1911 

” Armsby The Nutritive Value of the Non-protein of Feeding Stuffs, 
Bureau of Animal Industry, Bulletin 139, 1911 
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tinue the experiments after a reasonable period many of the 
declines evidently associated with impeifections in the dietary, 
and readily checked by a change m feeding, would have escaped 
attention Such facts deserve to be considered m relation to 
cui rent work m which the cntena of adequate nutrition on unusual 
diets such as ammo-acid mixtures, etc , are sought m the nitrogen 
balance of the animals None of the records, so far as ve are 
awaie, extend over periods even half as long as some of ours which 
ultimately ended m nutritive failure Nitrogen balances may at 
times piovc singularly deceptive, and give apparently favorable 
indications of equilibrium although the real nutritive status of the 
animal may be less promising This is brought out m the consid- 
ei ation of some of the animals reported in an earlier publication 
Now that an animal can be maintained for long periods on a 
single piotem theie is prospect of a successful consideration of 
those other factors in nutrition which are even more illusive The 
relative significance of the inorganic 10ns, and the qualitative value 
of the fats and carbohydrates which supplement the diet ought 
to be rendered amenable to studj' In the case of the carbo- 
In drates we ha\ e already made observations which suggest that 
it IS no longer justifiable to consider these foodstuffs from a single 
standpoint vathout reference to their structural individuality 
The consideration of such facts must, however, be reserved for 
other communications 


Osborne and Mendel Carnegie Institution of Washington, Publication 
160, Part I, 1911 

” Cf Osborne and Mendel This Journal, xii, p 81, 1912 
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APPENDIX 

Explanation of the Charts 

The abscissae of the curves represent dajs and the ordinates, actual 
body eight (solid line) or food-intake (dotted line) in grams In some 
of the charts the aierage (normal) curve of growth, plotted from body 
weight data available for normallj growing animals of the same se\, is 
represented by a broken line for comparison The food intake curve is 
plotted from the quantities of food eaten per neek The numbers on the 
body weight curves indicate the time at which changes in the character 
of the feeding w(ie institutid 
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minatcd by diseased lungs after 499 days of expenmental feeding 

PERIODS I 2 AVD 4 


Casein (cow s milk) 

per cent 

IS 0 

Casein fcoi\ a milk) 

Starch 

32 5 

Protein free milk 

Sucrose 

21 9 

Starch 

Salt mixture I 

2 6 

A.gar 

Lard 

20 0 

Lard 
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Chart 2, Rat 133 9 , shows maintenance dunng 465 days on a diet in 
time the animal’s life was terminated by a tumor of the spleen Note > 
game salts and a part of the carbohydrate of the original food mixture 
The diet during the different periods is shown below 


PERIODS 1 AND 3 

Edcstln (hemn w^d) 

Starch 

Sucrose 

Agar 

Salt mixture I 
Lard 


percent 

18 0 Edestin (hempsced) 

29 5 Protein free mill 

17 0 Starch 

5 0 Agar 

2 5 Laid 

28 0 


100 0 
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edestin from hempseed formed the sole protein At the end of that 
i recovery in periods 2 and 4 when protein-frec milk replaced the inor- 


TERIOD 5 


percent 


per cent 

18 0 

Edestin (hempseed) 

22 0 

28 2 

Artificial protein free milk 

29 5 

20 8 

Starch 

28 5 

5 0 

Sucrose 

20 0 

28 0 


— 

100 0 


100 0 
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on Chart 1 


PERIODS J 2 3 AVD 6 



per cent 

Glladln (Rfceat) 

18 0 

Starch 

29 5 

Sucrose 

la 0 

Agar 

5 0 

Salt mixture I 

2 5 

Lard 

30 0 


100 0 


Gitadin (■fheat) 

Protein free 

Starch 

A-gar 

lord 
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gliadin as the sole protein The ammars hfe was terminated by diseased 
vail quantity of feces from rats on a mixed diet as supplied See legend 


ND 7 PERIODS 5 AND 8 


pereeni 

18 0 

Casein (cow e milk) 

per cent 
18 0 

2S 2 

Protein free milk 

28 2 

20 8 

starch 

23 8 

5 0 

Agar 

5 0 

28 0 

Lord 

25 0 


100 0 


100 0 
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Chart 4, Rat 240 9 , shows failure to make more than slight growth oni 
normal rate after 276 days of stunting At this time the rat was 314 days a 
The diet during penods 1 and 2 was 


Gllndln (wheat) 

Protein free milk 

Starch 

Agar 

l^rd 


pERion 1 
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' contaimng ghadm as the sole protein, and capacity to resume growth at a 
age at which rats normally grow very little more 



per cent 

ilk powder 

60 0 

larch 

16 0 

ard 

24 0 


100 0 
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Chart 5, Rat 134 9 , shows long continued maintenance on a diet contaimujP 
mental feeding by an ulcer of the pylorus 
The diet during periods 1 and 2 was 


PEBIOD 1 


Glladln (wheat) 
Staroh 
Sucrose 
Agar 

Salt mixture I 
Lard 
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I as the sole protein The animals life was te minated after 511 days of expen 


PERIOD 2 


adin (wheat) 
''>teln free milk 
-^rch 

-'ir 


per cent 
18 0 
28 2 
20 8 
6 0 
28 0 


100 n 
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Chart 6, Rat 71 cT, show^ long-continued feeding of isolated foodstuffs lo 
mal’s bfe Tvas terminated after 531 days of experimental feeding by an absce'sfi’ i 
The diet during the different periods was as follows 


PERIOD 1 PERIODS 2 ARD 5 



perccn/ 


llH 

Glutenin (wheat) 

6 0 

Glutenin (wheat) 

II! 

Casein (cow s milk) 

12 0 

Starch 

lit 

Starch 

24 5 

Sucrose 

iO 

Sucrose 

35 0 

Agar 

li 

Agar 

5 0 

Salt mlrtxire I 

«( 

Salt mixture I 

2 5 

Ijard 

— 

Lard 

35 0 


IJ! 


100 0 
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iong-contmued maintenance on glutenin from wheat as the only protein The am- 
V which made eating impossible 


PERIOD 3 


Glutenin (wheat) 

per cent 

9 0 

Edeatin (hemp seed) 

9 0 

Starch 

33 5 

Sucrose 

18 5 

Agar 

6 0 

Salt mL^ture 1 

2 5 

Lard 

22 5 


PERIOrS 4 AND 7 


Allzed 


prmoD 6 

per cent 

Glutenin (wheat) 

16 0 

Protein free milk 

2S 2 

Starch 

23 8 

Agar 

5 0 

Lard 

25 0 


100 0 


100 0 
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Lird 


25 0 


100 
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m as its sole protein The animal’s life was terminated by diseased lungs after 538 


ntity of feces from rats on a mixed diet was suppbed See legend on Chart 1 

D 4 PERIOD 5 


percent 


per cent 

18 0 

MUk powder 

60 0 

28 0 

Starch 

12 0 

27 0 

Lard 

28 0 

27 0 




100 0 


100 0 
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20 40 60 &0 100 tZO 140 160 >80 200 220 


240 260 260 


Chart b, Rat 141 9 , shows long-continued maintenance on a diet containing casein as 1 ' 
sensed lungs 

The diet dunng the different periods is shown below 


PERIODS 1 A^D 4 


Casein (cow s milk) 

Starch 

Sucrose 

Salt mixture I 

Lard 


percent 

18 0 Casein (cow a milk) 
32 5 Starch 

21 fi Sucrose 

2 6 Salt mixture I 

25 0 Lord 


100 0 
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1 = 

sole protein After 587 days of experimental feeding the animars life was terminated 


PERIODS 3 AND 5 PERIOD C 



per cen( 

per cent 

C-weln (cow’s milk) 

18 0 Milk powder 

CO 0 

Protein free milk 

28 0 Starch 

12 0 

Starch 

27 0 ]>ard 

28 0 

Lard 

27 0 

— 




100 0 


100 0 
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Chart 9, Rat 139 cT, shows long-continued maintenance on a diet conta 
mental feeding, but no cause tor death was shown by the autopsy 
The diet dunng the different periods is given below 



per cent 

Casein (cow a milk) 

Casein (cots a milk) 

18 0 

Starch 

32 5 

Starch 

Sucrose 

21 9 

Sucrose 

Salt mixture I 

2 6 

Salt mixture I 

Lard 

25 0 

Lord 


100 0 





100 0 
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Lnd jet obtained) and also that at the end of this period the animal is somewhat above i 
•s See legend on Chart 1 This rat is still at its original weight after 637 dajis 

A^D 6 PJ^RIOD 5 


percmi 


p<r cent 

IS 0 

Sdestln (hempseed) 

18 Q 

29 B 

Natural protein free milk 

28 0 

21 5 

Starch 

26 0 

28 0 

Lard 

28 0 
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20 AO f)0 «0 100 J20 iAt> ifeo ISO 200 220 240 2^0 


Chakt 10, Rat 124 9 , shows long-continucdmaintenance on a diet containing edcstmasr ^ 
009 days of cxpenmental feeding (which is, so far as wc arc aware, the longest record of' ' 
original weight During period 2 the rat received small quantities of feces from normall} 


PEmODS 1 2 AND 3 


Edestln (hcmp8c^€d) 

Starch 

Sucrose 

Xgar 

Salt mixture I 
Lard 


per cent 
18 0 
29 fi 
17 0 
5 0 
2 5 
28 0 


Ldestln {hempswd} | 
\rtlficlal pro*''" 

Starch 

Lard 


j 
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udm as the sole protein The animal’s life was terminated after 546 days of experi- 
ae liver 

ived small quantities of feces from normally fed rats See legend for Chart 1 


per cen^ 


18 0 

Milk powder 

28 2 

Starch 

20 8 

Lord 

6 0 


28 0 


100 0 



per cent 
80 0 
12 0 
28 0 

100 0 


PERIOD 6 
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Chart 12 Rat 271 9 , shows long continued maintenance on a purely artificial diet 
containing casein as its sole protein The animal died, after 277 days of experimental 
feeding with diseased kidneys 
The diet during the diflfcrent periods is shown below 

PERIOD I PERIOD 2 



percent 


pcrcthl 

Casein (cow a milk) 

18 0 

Casein (cow a milk) 

18 0 

Starch 

8 

ArtlBcta] protein lre« mllV 

^ 6 

Lactoee 

*»1 0 

Stareh 

28 4 

Agar 

6 0 

lArd 

20 0 

Salt mUturo I 

. 5 


— 

Lard 

28 0 

100 0 


100 0 


Chart 13 Rat 5S8 9 shows maintenance 
on a diet containing gliadin as the solo protein 
and an artificial imitation of the natural pro 
Icin free milk After 114 da>8 the artificial 
protein free milk was replaced by the natucol, 
Imt the decline in weight which had begun was 
not stopped by this change The autops> 
showed no adequate cause for death 
The diet in periods 1 and 2 was 



PERIOD 1 

PERIOD 2 



per cent 


per cent 

Glladln 

18 0 

Gliadin 

18 0 

ArtlOcial 

protein free 

Protein free milk 

8 0 

milk 

30 0 

Starch 

20 0 

Starch 

•*2 0 

La d 

8 0 

Lard 

30 0 


— 


— 


100 0 


100 0 
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Chart 14, Rat 142 9, shows maintenance on a diet containing 
gliadin as its sole protein During periods 2 and 3 the rat received 
small quantities of feces from normally fed rats For a discussion of 
the effect of the stenlized and normal feces see Publication 1S6, p 62, 
Carnegie Institution of Washington The animal died suddenly 
after 219 days of experimental feeding, but unfortunately no autopsj 
was made 

The diet was as follows 


PERIODS 1 2 AND 3 



per cent 

GMadJn (irbeat) 

18 0 

Starch 

29 5 

Sucrose 

17 0 

Agar 

5 0 

Salt mixture I 

2 5 

Lard 

28 0 
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Chart 15, Rat 477 cT, shows rapid de 
chne on a diet containing gelatin as its 
sole protein, and subsequent mamte- 
nance and repair when the gelatin was 
cither partially or entirely replaced by 
caseir After 158 days of experimental 
feeding the animal’s life was terminated 
bj diseased Jungs 

The diet during the different periods 
IS shown below 

PERIOD 1 

Gelatin food 

ptT cent 

Gelatin (Uorn) 18 0 
protein free milk 28 0 
Starch 27 0 

Lard 27 0 

100 00 

PEIUOD 2 PERIOD 3 PERIOD 4 

per cent 

Gelatin food (as in 
period 1) 50 0 

Casein food (as in 
period 4) 50 0 

100 0 

100 0 


percent 

Gelatin food (as In 
period 1) 25 0 

Casein food (os In 
period 4) 75 0 

100 0 


Casein food 

percent 


Casein (cow s 
milk) IS 0 

Protein free milk 28 0 
Starch 27 0 

Lard 27 0 




Da^s 


Chart 16, Rat 592 cT, shows rapid decline od a 
diet containing gelatin as its sole protein, followed 
by normal growth when the gelatin is replaced by 
casein The animal’s life was terminated after 119 
days of experimental feeding by calculi m the bladder 
The diet during the different periods is shown be 
low 

PERIOD 1 PERIOD 2 

Gelatin food Casein food 


per cent 

Gelatin (born) 18 0 

Protein fred milk 28 0 

Starch 27 0 

Lard 27 0 

300 0 


percent 

Casein (cow s 
milk) 0 

Protein free milk 28 0 
Starch 27 0 

Lard 2 < 0 

300 0 


PERIOD 3 


per cent 

Gelatin food (as 
In period 1) 50 0 

Casein food (as In 
period 2 50 0 


300 0 
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Chart 17, Rat 598 9 , shows 
rapid decline on a diet containing 
gelatin as its sole protein, and re- 
cover j when one-half of the gela- 
tin nos replaced by gliadin, a pro- 
tein incapable of inducing more 
than very slight growth when it 
forms the sole protein constituent 
of the dietary The animal’s life 
was terminated by diseased kid- 
nc>s after 120 dajs of experimen- 
tal feeding 

The diet dunng the different 
periods is shown below 

fERIOD 1 PERIOD 2 Glladlo food 



Gelatin (horn) 

per Cent 
18 0 

Gelatin food 

per cent 
(oa In 

Gliadin (nheat) 

pram 
18 0 

Protein free milk 

as 0 

period 1) 

50 0 

Protein free milk 

2S 0 

Starch 

a? 0 

GUadln food 

50 0 

Starch 

20 0 

Lard 

a? 0 


— 

Lard 

28 0 


100 0 


100 0 


100 0 



Chart 18, Rat 659 9 , shows rapid de- 
cline on a diet contaimng zein as its sole 
protein, followed by recovery when the 
zein was entirely or partiallj replaced by 
gliadin or casein 

The diet during the different periods 
IS shown below 


pcnioD 1 

prams 

Zein (maize) 18 0 

Protein free milk 28 0 

Starcli 24 0 

Lard 30 0 

100 0 

Water 15 cc 


pEniOD 2 

per cent 

GUadln <^bcat) 18 0 

Protein free milk 23 0 

Starch 24 0 

Lard 30 0 

100 0 


PERIOD 3 

per cent 

Zein food (aa in 

period 1) 60 0 

Coaein food 50 0 

100 0 

Casein food 

prams 

Caaeln 18 0 

Protein free milk 28 0 

Starch 29 0 

Lard 25 0 


PERIOD 4 

per cent 

Zein food (aa In 
period 1) 25 0 

Gliadin food (aa 
In period 2) <75 0 

100 0 


100 0 
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Chart 19, Rat 146 o' sho^s s rapid decline on a diet containing zein as its sole protein, 
followed by speedv reco\ ery hen the zein v, as partially or entirely replaced b> casein or 
edestin The experiment i^as terminated after 266 da>s of experimental feeding 
The diet dunng the different penods is shown below 


PERIOD? 1 A^D 3 


PERIOD 2 


PERIOD 4 



pram* 

ZeJn (jjJDlre) 

18 0 

Protein free milk 

28 2 

Starch 

23 fi 

Agar 

5 0 

Lard 

25 0 


per cent 

Zein food fas Jn period 1) oO 0 
Ca-ein food (os In period 
6) 50 0 

100 0 


percent 

ZeJn food faa In period 1) 50 0 

Edeatln food (as In period 

5 ) 

100 0 


100 0 

Uator lo cc 


PERIOD 5 


PERIOD C 


Edestin (bempseed) 
Protein free milk 
Starch 

Agar 

Lard 

per cent 

18 0 
28 2 
20 S 

5 0 
28 0 

Casein (cow s milk) 
Protein free milk 
Starch 

Agar 

Lard 

per cent 
18 0 
28 2 
23 8 
5 0 
25 0 


100 0 


100 0 
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Chart 20, Rat 475 cf , shows rapid decline on a diet containing zein as its only 
protein, followed by reco\ery when one-half of the zein was replaced by casein 
Note that the decline in period 3 when only one-si'rth of the zein was replaced by 
casein was immediately checked when 3 per cent of the zem was replaced by 
tryptophane 

This experiment is still m progress 

The diet durmg the different periods is shown below 


PERIOD 3 


PERIOD 4 


PERIOD 1 


grams 


Zein (maize) 

18 0 

Protein free milk 

28 0 

Starch 

24 0 

Lard 

30 0 


100 0 

Water 

15 cc 


PERIOD 2 

cent 

ZelQ food (as IR 
period 1) 50 0 

Caseia food 50 0 

100 0 


Casein food 

grams 

Casein (cow s 
mUk) 18 0 

Protcln-free milk 28 0 
Starch 27 0 

Xiard 27 0 

100 0 


per cent 

Zein food (os In 
period 1) 83 33 

Casein food (as 

In period 2) 16 67 

100 00 


Zein food 

prams 


Zein (maUe) 17 46 

Tryptophane 0 54 

Protein free milk 28 00 

Starch 24 00 

Lard 30 00 

100 00 

Water 15 cc 


per cent 

Zein food (as be- 
low) 83 33 

Casein food (as 
In period 2) 16 67 


100 00 
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Chart 21, Rat 628 cf, shows rapid decline on a diet con- 
taitimg zein as its sole protein, followed by maintenance when 
the zein was replaced by gliadin or lactalbumin 
The diet during the different periods is shown below 


rmioD 1 

(jramo 

Zeli\ (maUe) 18 0 

Protein free milk 28 0 

Starch 24 0 

Lartj 30 Q 

100 0 

Wa4r 15 cc 


PEniODS 2 AKD 4 

percent 

Glladin (wheat) 18 0 

Protein free milk 28 0 

Starch 26 0 

Lard 28 0 

100 0 


Pi:niOD 3 

percertl 

GUadIn food (ns 
In pcrlt)d 2) 75 0 

Lactalbumin food 25 0 

100 0 


lactalbumin food 
per cent 


Lactalbumin 
(cow 6 milk) 18 0 

Proteln-frce milk 28 0 

Starch 29 0 

Lard 25 0 


100 0 
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The Kynne Fraction of Proteins 


Following the directions of Siegfried, a substance was obtained 
from gelatin, resembling m every way kynne sulphate, which 
was further punfied by means of silver sulphate and barium hy 
drate The substance obtained after this purification had the 
following properties Its elementary composition resembled that 
of Siegfried’s kynne, its phosphotungstic compound crystallized 
m the same form as described by Siegfried for the same deriva- 
tive of kynne, on hydrolysis it gave arginine, lysine, glutaminic 
acid, glycocoll and prohne The presence of the latter was 
demonstrated by the indirect method These ammo-acids were 
combined m peptide Imlang to some extent The reason for 
this assumption is the following If the substance were a mixture 
of amino-acids the ratio of the ammo mtrogen to the total mtro- 
gen should have been 5 9 Since m argimne three mtrogen 
atoms do not function as primary ammo nitrogen, and smce the 
nitrogen of prohne must be placed m the same class, in a mixture 
of the five named ammo-acids containing nine mtrogen atoms, 
five possess the properties of primary amines in their behavior to 
mtrous acid 

The ratio of ammo nitrogen to total nitrogen in our substance 
was only from 32 to 33 per cent, indicating that some of the pri 
mary ammo nitrogen atoms had ceased to function as such, pre- 
sumably through the formation of peptide linkings 

The next task was to ascertain whether or not the five ammo- 
acids were combined m one or m more than one peptide If the 
five acids were linked into one peptide this should contain only 
two nitrogen atoms m the form of primary ammo nitrogen, namely, 
that of the end-acid and the one m the u-position in the lysine 
Thus a pentapeptide composed of the five named amino-acids 
requires a ratio of ammo mtrogen to total nitrogen of 2 9 or of 
22 per cent The substance obtained by us contained 32 per 
cent of ammo nitrogen Hence it was composed of more than 
one peptide 

These data, and the data obtained on the nitrogen partition 
after hydrolysis, led us to the belief that the substance consiste 
of two basic peptides one containing lysine and three mono- 
ammo-acids, and the other arginine and one amino-acid I ■ 
assumption was corroborated by the fact that it was possible 0 
separate the mixture into two fractions by means of silver su 
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phate and barium hydrate One of these, argimne glutarmmc 
acid peptide, was about 95 per cent pure The degree of purity 
was demonstrated by the ultimate analysis of its sulphate, by the 
ratio of ammo nitrogen before and after hydrolysis, by the quanti- 
tative estimation of arginine contained in it and by the fact that 
both arginine and glutamimc acid were obtained from it on hydro- 
lysis The second peptide has not yet been obtained in the same 
degree of purity The mtrogen partition of the pure peptide 
requires a ratio of 40 per cent of ammo mtrogen, instead of which, 
the substance contained only about 37 per cent It is hoped 
that this peptide will also be obtained in a sufficient degree of 
purity before ver 3 ^ long Work on the separation of the basic 
peptides from other proteins is at present in progress 

The substance discussed here, with the 


Amino N 


ratio of 32 

Total N 

per cent was not exactly the kyrme sulphate of Siegfried, but was 
chosen for the reason that it offered a more convenient material 
for presenting our arguments The kyrme prepared according 
to Siegfried by repeating the precipitation with alcohol five times 

had the ratio = 23 6 per cent By means of one treat- 

Total N 

ment with silver sulphate and barium hydrate it was separated 

into two fractions, one of which consisted principally of the dipep- 

, , , . . i Ammo N „„ 

tide, the other being a mixture having the ratio = oJ 

per cent Hence it is evident that the substance obtained by us 
according to the directions of Siegfried contained a higher pro- 
portion of the dipeptide than the mixture discussed in this corn- 


mum cation 

However, it should be born in mind that only slight changes in 
the conditions of hydrolysis may bring about considerable varia- 
tions in the composition of the products obtained through it, 
and hence it is possible that the substance analyzed by Siegfried 
had a composition different from that of the substance obtained 
by us 
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The ratio of ammo nitrogen to total nitrogen after hydrolysis 

0 5 gram of the substance was hydrolyzed with 30 cc of a 20 
per cent solution of hydrochlonc acid for twenty hours over flame 
with return condenser The excess of hydrochlonc acid was 
removed by distillation, the residue taken up in water, neutralized 
with sodium hydrate and brought to a volume of 50 cc 


Total N 

Amino N 

Ammo N 
Total N 


10 cc solution required 12 80 cc ty acid 

N = 18 04 mgm 

10 cc solution gave 20 4 cc gas, 19°, 760 mm 

N = 11 69 mgm 

64 7 per cent 


Nitrogen partition in the phosphotungstic acid precipitate and fl- 
trate after hydrolysis 

One gram of substance was hydrolyzed with a 20 per cent solu- 
tion of hydrochlonc acid for twenty hours over flame with return 
condenser After removing the hydrochlonc acid by repeated 
concentration under dimmished pressure the residue was taken 
up with 10 per cent sulphuric acid and a 10 per cent solution o! 
phosphotungstic acid added The solution and precipitate so 
formed were then heated on the water bath until the precipitate 
was nearly all dissolved and then allowed to stand until the next 
day The mtrogen m the precipitate and filtrate was determined 
accordmg to Kjeldahl 

The precipitate required 44 60 cc of ^ acid and the filtrate 25 92 
cc of T®- acid Hence the ratio of mtrogen in the phosphotungstic 

44 60 

precipitate to the total mtrogen = — = 63 25 per cent 

70 0 ^ 

Ammo mtrogen ratio in the phosphotungstic acid preapitaie and 

filtrate 

In a second portion the ratio of aimno mtrogen to total nitre 
gen in the phosphotungstic acid precipitate and filtrate after aci 
hydrolysis was determmed The precipitate was brought into 
solution with the aid of dilute alkali and brought to a volume 0 
30 cc 
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Total N 10 cc solution ga\e 9 19 cc w acid N = 38 59 mgm 
in lolo 

Ammo N 10 cc solution gave 12 cc gas, 20°, 760 mm N = 20 52 
mgm tn tolo 

Ammo N 

Total N ^ ^ P®*' 

The filtrate was concentrated to a volume of 50 cc 

Total N 35 cc solution required 15 cc ^ acid N = 30 0 mgm 
in lolo 

Ammo N 10 cc solution gave 7 9 cc gas, 19°, 760 mm N = 22 53 
mgm in iolo 

Ammo N 

-malN ^ 


Hydrolysis of the kyrine fraction aiming to isolate the individual 

components 

About 45 grams of the sulphate were hydrolyzed with a 20 per 
cent solution of hydrochlonc acid for twenty-four hours The 
solution was then treated with phosphotungstic acid m the man- 
ner before descnbed, the precipitate was washed chlorine-free 
with 5 per cent sulphuric acid, and the phosphotungstic and sul- 
phuric acids were removed quantitatively with barium hydrate 
The resultmg hqmd was concentrated to a small volume and to 
a portion an alcohohc solution of picrolonic acid was added and 
allowed to stand over mght The precipitate so obtained was 
recrystalhzed out of water and analyzed 


Substance, 0 1600 gram , COa, 0 2541 , HaO, 0 0706 


C 

H 


Calculated for 
CflHHN 40 i C10H1N4O, 
43 82 
5 05 


Found 

43 23 
4 90 


Lysme was isolated from the phosphotungstic acid precipitate 
according to Kossel’s method and obtained as the picrate It 
was identified by determmmg the ammo nitrogen 

Substance, 0 0930 gram, gas, 12 8 cc , 20°, 764 mm 


Calculated for 

CsHhNjOi aHtfNOi)jOH 

7 48 


Foun 

7 


Ammo N 
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Glutammic acid was separated from the phosphotungstic acid 
filtrate as hydrochlonde after removal of the sulphunc and phos- 
photungstic acids quantitatively by barium hydrate 

0 1500 gram substance gave 0 1163 gram silver chloride 

Calculated for 
CftHfNOi HCl 

Cl 19 31 


Found 
19 01 


The excess of hydrochlonc acid was removed by concentration 
under diminished pressure and the remainder with silver sulphate 
The silver was removed with hydrogen sulphide and the sulphunc 
acid with banum hydrate and the volume brought to 200 cc 

Total N 5 cc required 17 85 cc 7 ^ acid N = 24 94 mgm 
Ammo N 5 cc gave 32 2 cc gas, 20°, 760 mm N = 18 30 mgm 


The ratio of ammo nitrogen to total mtrogen m the phospho- 
tungstic acid filtrate = 73 3 per cent or 26 7 per cent of the nitro- 
gen IS non-ammo nitrogen This indicates the presence of proline 
or oxyproline 

The copper salts were formed from the remainder of the filtrate 
and extracted ivith hot alcohol On standing a large portion 
crystallized out The portion soluble in hot and cold alcohol 
appeared on analysis to be largely the copper salt of prohne or 
oxyproline It was dissolved m 20 cc of water 


Total N 10 cc required 20 43 cc ^ acid N = 28 60 mgm 
Amino N 10 cc gave 17 cc gas, 18°, 764 mm N = 9 81 mgm 

Amino = 34 3 or 05 7 p^r cent of the mtrogen of the phospho 
tungstic acid filtrate is non-ammo 


Total N 


The nitrogen content of the ciystals which separated from the 
hot alcohol did not correspond to any of the ordinary ammo- 
acids 


0 0964 gram substance reqmred 7 3 cc 7 ^ acid N = 10 22 mgm 
Total N 10 60 per cent 

0 0991 gram substance gave 18 4 cc gas, 20°, 764 mm 

N = 10 53 mgm 

AminoN 10 63 per cent 


The analysis of the copper salt of the portion insoluble m hot 
and cold alcohol indicated a mixture, probably of alamne and 


glycocoll 
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0 2154 gram substance gave 0 2146 gram COj, 0 0910 gram HiO 


C 

H 


Calculated for Calculated for 
(CjHiNOiJjCu (CiHiNOi)jCu 
25 00 30 00 

4 16 5 00 


Found 

27 28 
4 60 


The results of the hydrolysis show that arginine, lysine and 
glutamimc acid are certainly present and probably also prohne 
Glycocoll may also be present and perhaps alanine 


Preparation of the dipeptide 


The precipitate obtained on treatment of the solution of the 
original kyrme with silver sulphate and barium hydrate contained 
the dipeptide It was freed from silver and barium m the manner 
described earlier m the paper and transformed into the sulphate 
m the same manner as the original kyrme The dipeptide nature 


of the substance was based on the' 


Ammo N 


ratio before and after 


Total N 

hydrolysis, on the fact that on hydrolysis it yielded argimne and 
glutamimc acid and on its elementary composition A dipep- 
tide composed of arginine and glutamimc acid should contam 
only one free pnmary ammo group out of five mtrogen atoms in 

the molecule, or the calculated at 20 per cent The 

iotal N 

values found on analysis of the substance only slightly exceeded 
that value 

The ratio of the mtrogen in the form of ammo-acids to the 
basic mtrogen is calculated also at 20 per cent, and the analyzed 
body showed the value of the mtrogen of ammo-acids to repre- 
sent 21 1 per cent of the total mtrogen 

Furthermore, on hydrolysis of the dipeptide, free argimne and 
free glutamimc acid are formed, hence the mixture of the two 
contains twice the number of amino groups as compared with 
the original number The value found on hydrolysis of the ana- 
lyzed body only slightly exceeded the theoretical value 

Fmally the argimne determination made directlj’' on the peptide 
gave results deviating only slightly from the value theoretically 
calculated 
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Elementary analysis of the dipeptide 

The dipeptide was analyzed as sulphate It was dned under 
diminished pressure at room temperature over sulphune acid for 
several days and then at the temperature of boiling chloroform 
for two days and at that of boiling carbon tetrachloride for five 
days 

Substance, 0 2407 gram, COj, 0 2943, HsO, 0 1242 
Substance, 0 1808 gram, CO-, 0 2160, HjO, 0 0916 
0 3209 gram substance reqmred 40 1 cc acid = 56 14 mgm N 
0 4033 gram substance gave 0 2712 gram BaSO< 

0 1952 gram substance gave 0 1276 gram BaS 04 



Calculated for 
(CiiHnNiDilH.SO, 

Found 

c 

32 90 

32 97 

H 

5 73 

5 72 

N 

17 40 

17 48 

S 

8 20 

9 11 


Hydrolysis of the dipeptide indicating the nitrogen partition before 
and after hydrolysis 

Two solutions of the sulphate were prepared, the first contam- 
ing approximately 0 5 gram of the sulphate m 25 cc and the 
second, 1 0 gram in 25 cc These solutions were used for the 
determination of the ammo mtrogen before hydrolysis A third 
solution containing approximately 2 5 grams of the sulphate was 
hydrolyzed with hydrochloric acid m the usual manner and the 
nitrogen partition m the phosphotungstic acid precipitate and 
filtrate determined in the manner descnbed for the “purified 
kynne” fraction The ratio of ammo nitrogen to total nitrogen 
was also determined in the same manner 


Before hydrolysis 


(a) Total N 10 cc solution required 17 cc to acid N = 23 80 mgm 
Ammo N 10 cc solution gave 8 7 cc gas, 20°, 760 mm N = 496 mgm 


Amino N 
Total N 


20 8 per cent 


(5) Total N 5 cc solution required 21 4 cc to acid N =29 96 mgm 
Ammo N 10 cc solution gave 22 5 cc gas, 30° ,758 mm N ■= 12 


mgm 
Ammo N 
Total N 


20 4 per cent 
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After hydrolysis 

(1) Nitrogen partition in phosphotungstic acid precipitate and filtrate 

Total volume of the solution, 50 cc 5 cc solution required 21 78 cc 
Tj- acid Total N = 304 92 mgm 

Total N in filtrate from phosphotungstic acid precipitate Total volume 
of solution, 100 cc 25 cc solution required 11 55 cc acid N = 16 17 
mgm Total N = 64 68 mgm 

The ratio of the nitrogen in the phosphotungstic acid filtrate 
to the total nitrogen = 21 1 or the ratio of the nitrogen m the 
phosphotungstic acid precipitate to the total nitrogen = 78 9 
per cent 

Allowing for the correction of the solubility of arginine phospho- 
tungstate, one finds the nitrogen value of the phosphotungstic 
precipitate to constitute 79 7 per cent of the total nitrogen 


(2) The ratio of amino nitrogen to total nitrogen This determination 
was made on a second portion hydrolyzed as previously described 

Total N 10 cc solution required 21 90 cc acid N = 30 66 mgm 
Amino N 10 cc solution gave 24 cc gas, 20“, 760 mm N = 13 68 mgm 

Amino N ^ ^ 

— 44 4 per cent 

Total N 


Hydrolysis of the dipephde 


100 cc of an aqueous solution of the dipeptide containing 1 22 
grains of nitrogen were concentrated to 20 cc and 2 grams of sul- 
phuric acid added This was hydrolyzed by heating for five 
hours in a sealed tube Water was added so that the solution 
finally contained 5 per cent sulphuric acid and then was precipi- 
tated with phosphotungstic acid After standing for two days m 
the refrigerator, the precipitate was filtered off in the cold and 
washed with 5 per cent sulphuric acid The phosphotungstic acid 
was removed from the filtrate by shaking out with ether, the ether 
distilled off, and the sulphuric acid removed quantitatively with 
barium hydrate The resultmg solution was concentrated under 
dimimshed pressure to a small volume and alcohol added, when a 
portion crystallized out This crystalhzed portion was dissolved 
in water and converted into the picrolonate and analyzed 
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Substance, 0 099S gram, COj, 0 1604 gram, H O, 0 0338 gram 

C^culated for 
CiH*NO« CioHiNiOj 

C 43 75 

H 4 16 ' 


Found 

4 38 
0 


The mother liquors -were also converted mto the picrolonate 
These analyzed for a mixture of an morgamc picrolonate and 
impure glutammic acid 


Ash-free substance, 0 1038 gram, COj, 0 1702 gram 
Ash, 0 0022 gram 
C 
H 

Ash 


HjO 0 0274 gram, 

44 70 per cent 
2 95 per cent 
2 20 per cent 


The phosphotungstic acid precipitate was suspended m water, 
decomposed with banum hydrate and the acid removed quanti- 
tatively The resulting solution was concentrated under dimin- 
ished pressure and picrolomc acid added The resultmg crystals 
were filtered off, washed, dried and analyzed 


Substance, 0 1190 gram, COj, 0 1804 gram, HjO, 0 0420 gram 


C 

H 


Calculated for 
C,HiiN,Oj(CioHrNiOili 
44 40 
4 27 


Found 

45 05 
4 30 


Arginine content of the dipeptide 

The arginme was determined directly on the peptide without 
precedmg hydrolysis 10 cc of an aqueous solution of the sub- 
stance were boiled in a Kjeldahl flask with 20 cc water and 15 
grams of potassium hydrate m the manner desenbed by Van Slyhe 
for argimne determmation At the end of ten hours water was 
added to the flask and the distillation continued for another hour 
Of the ongmal aqueous solution of the dipeptide 10 cc were used 
for the argimne determmation and 5 cc for the total mtrogen 

Total N 5 cc solution required 35 cc xr acid N = 49 mgni 

Argimne N 10 cc solution boiled with 20 cc water and 15 grams 
KOH neutralized 26 75 cc acid = 37 45 mgm 
N Total argimne N = 74 90 mgm 
Calculated 

Total Argimne N SO 0 76 5 per cent 


* This Journal, x, p 26, 1911 





A CONTRIBUTION TO OUR KNOWLEDGE OF THE GAS 
METABOLISM OF BACTERIA 


FIRST PAPER 

THE GASEOUS PRODUCTS OF FERMENTATIONS OF DEXTROSE 
BY B COLI, BY B TYPHOSUS AND BY BACT WELCHH 

Bt FREDERICK G KEYES and LOUIS J GILLESPIE 
(From l/ie Biological Laboratory of Brown University ) 

(Receiv'ed lor publication, October 9 , 1912 ) 

Earlier investigations 

B coll The hterature on the gases produced by B coli on 
various culture media has already been reviewed by one of us * 
It was found that very little work had been attempted on this 
subject by mvestigators fatmhar with the properties of gases 
Harden^ found that, when B coli was grown anaerobically on a 
non-albuminous dextrose medium based on asparagine, the as- 
paragine was reduced to ammonium succinate with a consequent 
lessened evolution of hydrogen He therefore made use of media 
made of beef broth and of Witte’s peptone and concluded, from a 
study of the sohd, hquid and gaseous products, that on these 
media dextrose was decomposed with the formation (if not evo- 
lution) of equal volumes of hydrogen and of carbon dioxide 
His gas analyses showed for the most part more hydrogen than 
carbon dioxide 

One of us’ determined for several strains of B coli the quantities 
and the composition of gas obtained m various incubation periods 

* Keyes Journ of Aled Res , xxi (N S wi), p 69, 1909 In this com- 
munication the composinon of the culture medium ivas unfortunately given 
mcorreotly The medium aluajs contained, in addition to the constit- 
uents noted, 1 per cent of Merck’s "Highest Puritj ” dextrose 
“Harden Trans Jenner Inst, 1899, ii, p 126, Journ Chcm Soc 
(Transactions), linax, p 610, 1901 
“Keyes Journ of Med Res , \xi (N S xxi), p 69, 1909 

201 


THE JOURNAL OF BIOLOGICAL CHEMISTRY 'OL Mil NO 3 



292 


Gas Metabolism of Bacteria 


by an exact method from vacuum fermentations of dextrose A 
non-albummous asparagine medium was used for the most part, 
but a dextrose meat bouillon was also tested, and it was found that 
a larger percentage of hydrogen was indeed evolved from the albu- 
minous medium but that even on this medium carhon dioxide 
was produced m considerably greater volume than hydrogen * 

B typhosus Hesse^ studied the gas metabolism of this organism 
by growing it m the presence of air and drawing off samples of gas 
from day to day for analysis He stated that carbon dioxide is 
evolved and that oxygen is absorbed but he did not calculate his 
analytical results We calculate from his protocols that in one 
instance as much as 18 cc of carbon dioxide was evolved aerobic- 
ally from 33 cc of "glycerin agar-agar ” 

Harden' detected no production of gas from anaerobic fermenta- 
tions of dextrose by B typhosus and Pakes and Jollyman^ detected 
formation of gas from sodium formate — the supposed in- 
termediate product between dextrose and carbon dioxide and 
hydrogen 

Bad weldm Dunham® analyzed the gas evolved by this organ- 
ism from 1 per cent dextrose bouillon in Smith fermentation tubes 
The ratio CO 2 H 2 was 0 43, but his results are not comparable with 
ours because he disregarded the loss of carbon dioxide due to solu- 
tion in the medium and to diffusion from the open end of the fer- 
mentation tube 

Technique 

Organisms Cultures were kept m a vigorous state of growth 
by means of frequent transfers and isolations by the plate method 
The medium used for B typhosus and Bad welchii was the ordi- 
nary meat extract peptone agar, in the case of B coli it consisted 

* We shall give below an analysis from a fermentation on a Witte's peptone 
medium, which gave practically the same figures as the meat bouillon ' c 
have always found more COj than Hi, and attribute Harden’s contrary 
result, as also his negative result with B typhosus, to insufficient removal 0 
dissolved carbon dioxide from the culture fiuid 

‘ Hesse Zeitschr f Hyg , xv, p 17, 1893 

' Harden Journ Chem Soc (Transactions), Ixxix, p 610, 1901 

r Pakes and Jollymian Toiirn Chem Soc (Transactions), Ixxix, P ® ' 
1901 

• Dunham Johns Hopkins Hospital Bull , viii, p 68, 1897 
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of 1 per cent dextrose, 0 2 per cent disodium phosphate and 1 5 
per cent agar, with either 1 per cent asparagine for experiments 
on asparagine media or 1 per cent ammomum lactate for experi- 
ments on lactate media, and was made neutral to litmus with 
sodium hydrate Test cultivations of B coh or of B typhosus 
were started from a loopful of culture taken from the surface of a 
twenty-four-hour growth on slant agar Bad welchn fermenta- 
tions were started from stab cultures Subcultures from the test 
cultivations were never used for further tests The orgamsms 
answered the usual identification tests 

Culture fluids The culture fluids were sterilized in the absence 
of air in fermentation bulbs (to be described) in streaming steam 
by the intermittent method The reaction after boiling was 
slightly acid to litmus, except in certain experiments (noted m the 
protocols) in which the reaction was made just neutral to phenol- 
phthalein by the addition of normal sodium hydrate When 
alkah was added, the amount of carbon dioxide thus introduced 
was calculated from a determination of the actual volume of 
carbon dioxide liberated from a sample of the sodium hydrate 
solution upon acidification in vacuo with sulphuric acid Since 
the medium was subsequently exposed only momentarily to the 
atmosphere, the correction apphed (a small one) was exact 

Oxygen Oxygen was prepared by heating potassium perman- 
ganate in vacuo and was purified by passing over phosphorus pen- 
toxide and over sodium hydrate (not that purified by alcohol) It 
was measured dry, the pressure bemg read on a barometer column 
Generator, burette and barometer were permanently incorporated 
in the pump system (fig 2) by fused glass joints The generator 
was exhausted by the mercury pump and then rinsed out twice 
with small quantities of oxygen before the gas was generated for 
use in the work 

Control of gaseous environment and collection and analysis of the 
gases Fermentations were conducted either in vacuo^ or m the 
presence of gases admitted in known quantities after a vacuum 
had first been obtained 

The fermentation bulbs (fig 1) fitted with stopcocks of a special form 
described by one of us,'” were about half or three-quarters filled with cul- 


• That is, in an atmosphere of water vapor only 
*“ Keyes Science (N S ), xxviii, p 17, 190S 
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ture medium, and were sterilized After sterilization, the stopcocks of 
the bulbs were wiped dry with sterile rolls of filter paper ahd re-greased with 
sterile lubricant The lubricant was the non-volatile non-antiseptic mix- 
ture described by one of us The medium was then moculated 

The bulbs were then freed from gases It was found that this could be 
done to any desired degree of completion by the use of a good Sprengel water 
pump, which was capable of maintaining the pressure at from 9 to 15 mm 
(The use of a mercury pump gave no better results and Was moreover un- 
necessarily troublesome ) This method of exhaustion depends upon rins- 
ing out the gas with water vapor In extractmg dissolved gases from liqmds 
the driving force becomes less as the process becomes more nearly complete 
and the process comes practically to an end while detectable amounts of 
gases are still dissolved, unless by vigorous agitation the liquid is kept well 
mixed and many new boundary surfaces thus contmually formed We 
found that, without agitation, pumpmg for an hour after most of the au 
had been removed was not so efficacious as five or ten inmutes’ vigorous 
shakmg mtemipted by a few exposures to the action of the pump This 
experience led us to thmk that the degree of exhaustion is controlled, in 

ses where the space above the liquid is kept as free from gases as m these 
eriments, 6y the tiorougfiness of agitation The bulbs were therefore 
-I •jected alternately to the action of the pump, by opening the stopcock 
of the bulb for an instant, and to n vigorous shaking This was repeated 
until a metallic sound was emitted upon striking the bulb hard with the 
finger ends'* and was then further continued until this effect (which cannot 
be produced until the vacuum is rather good) was produced only with great 
difficulty As the liquid was shaken, falling drops of liquid clicked metalli- 
cally against the sides of the bulb We believe that we Were able to treat 
the bulbs with practical uniformity and that before we finished the process 
the gas that remamed in any bulb was negligible in quantity so far as our 
analyses were concerned " 

If gas was to be admitted, the btilb was now connected to the pump sys- 
tem by a short piece of heavy walled rubber tubmg, which was well painted 
with hot adherent grease Both ends of the tube were bound tightly on with 
copper wire The tubing connecting the bulb with the gas burette was evac- 
uated by the use of the mercurv pump, and the gas, having been measured, 
was pushed over into the bulb By careful mampulaticm practically all 
the gas could be passed over into the bulb without admittijig any mercury 


" Keyes J ourn Amer Chem Soc , xxxi, p 1271, 1909 
'* Special experiments have shown us that this sound is occasioned by 
the tearing apart of the liquid with the liberation of a bubble or two of gas 
and the consequent collapse of the newly formed walls of Uqmd Thus the 
range of concentrations of dissolved gases at which this effect is possible, 
should be, as it in fact is, limited in both directions 

'* Except possibh in the case of B lypho<<us, where the total gas evolu- 
tion was very small 
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Fig 1 Fermentation bulb 

FITTED WITH VACUUM FiG 2 ThE PUMP SYSTEM 

STOPCOCKS Oxygen measuring burette, D, 

B, bottle, secured by cotton delivery tube — it connects with gas 
plug, serving to keep sterile the analysis apparatus at C, M, manometer 

capillary lead Capacity of column, provided with meter stick, 1, 1, 

bulb, about 300 cc air traps, V, valve tight to ascending 

mercury Fermentation bulb connects 
at F Mercury reservous connect by 
heavy rubber tubing at R, R, R 

After incubation at about , the gases m the bulb were 
recovered by the mercury pump and analyzed In every instance, 
the whole obtamable quantity was pumped out and the whole 
quantity was used for the analysis or else a measured portion after 
the gases were well mixed The gas absorptions were conducted 
accordmg to the method of Hempel The burettes were filled with 
mercury Carbon dioxide was absorbed by strong caustic soda solu- 
tion (after the total volume had been measured dry), oxygen, by 
phosphorus or when necessary by alkalme pyrogallol, and hydrogen 
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■was determined by exploding with a quantity of air sufficient to 
avoid the burning of mtrogen Other gases were absent Some- 
times the Hempel pipettes were used for the reagents, but when 
small amounts of gas were to be analyzed, they were generally 
measured under dimimshed pressure, and treated with absorbing 
reagents m tubes inverted over mercury, as m the method given 
by Travers Sometimes the diminution of pressure was read on 
an' open manometer, and sometimes the actual pressure was 
read on a barometer (the space of which was saturated with water 
vapor) sealed to the burette The work was done m a cellar where 
the temperature was sufficiently constant All gas volumes have 
been calculated for 0°C , 760 mm and dryness The medium was 
always strongly acid after incubation so that no carbon dioxide 
was retained chemically 

Experiments with B Colt 

Experiment 1 B coli was grown in vacuo for 48 2 hours on 250 cc of a 
medium containing 1 00 per cent each of Witte’s peptone and Merck’s 
"Highest Purity” de-rtrose in distilled water, prepared hot and filtered 
Total gas 137 0 cc 

COj 56 1 per cent 

H} 43 0 per cent 

COj per gram of dextrose 30 7 cc 

Ratio, COj Hi 1 31 

The ratio 1 28 was found by one of us'* for beef infusion broth containing 
1 per cent each of dextrose and Witte’s peptone 

It seemed better to work with a medium contaimng no sub- 
stances of unknown composition One such, described by Dolt,*' 
has the advantage that no ammo group is present so that retention 
of hydrogen by the type of reaction found by Harden for aspara- 
gine IS excluded It consisted of 1 00 per cent ammomum lactate, 

1 00 per cent dextrose and 0 200 per cent disodium phosphate in 
distilled water, prepared -without heatmg In table I are given 
some experiments upon this medium, arranged accordmg to the 
length of incubation 

The influence of phosphate, of mtrate and of mcreased dextrose 
percentage is sho-wn in table II The medium contained 1 00 per 

1* Travers Study of Gases, 1901, p 28 

'‘Keyes Journ of Med Res , xxi (N S xvi), p 69, 1909 
Dolt Journ Inf Dis , v, p 616, 1908 
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TABLE 1 


B coh in vacuo 


EXP NO 

VOLUME or 
MEDIUM 

INCUBA- 
TION AT 

37 

TOTAL 

OA8 

CO. 

H. 

COi 

PER ORAM 
DEXTROSE 

COj 

Hj 


CC 

hours 

CC 

per cent 

per cent 

CC 


2 

100 

23 3 

27 60 

51 1 


14 10 


3 

25 

40 0 

7 21 

49 5 

48 1 

14 30 

1 03 

4 

100 

44 3 

28 40 

51 3 

48 1 

14 55 

1 06 

5 

100 

58 2 

28 60 

51 1 

47 0 

14 60 

1 09 


cent of ammonium lactate and various quantities of dextrose, 
sodium phosphate and ammomum mtrate, as noted In expen- 
ments 7, 8 and 9 Merck’s “Highest Purity’’ dextrose was used, 
in expenment 6, the same recrystalhzed from alcohol, m experi- 
ment 10, a mtrate-free dextrose (Merck’s "Pure’’) recrystalhzed 

The effect of an mcrease of phosphate is to mcrease the total gas 
formation, probably by delaying acid inhibition, and to increase 
the formation of carbon dioxide more than hydrogen 

The effect of mtrate is to decrease shghtly the carbon dioxide 
formation and to use up most (or all) of the hydrogen that would 
otherwise be produced The latter effect has been noted by Pakes 
and JoUymani’' Merck’s “Highest Punty” dextrose was found 
by the phenolsulphomc acid method to contam 0 04 per cent of 
sodium mtrate, which could be reduced to 0 01 per cent by recrystal- 
lization Assuming proportionahty, the result of experiment 9 
would indicate that the amount of mtrate present in 1 gram of 
the “Highest Purity” dextrose could use up 0 012 cc of hydrogen, 
a quantity which is neghgible for B coh fermentations but which 
would be of great sigmficance in B typhosus fermentations Tlie 
ammomum lactate and sodium phosphate were found free from 
mtrates by the same (controlled) test 

In another part of our work, to be commumcated m a second 
paper, we have studied somewhat fully the effect of oxygen upon 
B coh fermentations of dextrose in an asparagine medium The 
following figures show the results for an aerobic fermentation by 
B coh of a medium composed of 1 00 per cent “ Highest Purity ’ 

” Pakes and Jollyman Journ Chem Soc (Transactions), lx\i\, p 38G, 
1901 
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de\i;rose, 1 00 per cent ammonium lactate and 0 100 per cent di- 
sodium phosphate 

Experiment 11 B Coh 


0\3 gen admitted 

4 59 cc 

Incubation at 37° 

108 ho 

Total gas 

10 56 CO 

COj 

5 18 cc 

0, 

2 58 CO 

H, 

0 96 CC 

CO per gram of dextrose 

10 36 CO 

Ratio, CO H 2 

5 4 

Oxygen retained 

2 01 ct 


Experiments 3, 4, 5 and 10 show that it is possible to find con- 
ditions such that nearly equal volumes of CO 2 and H 2 are obtained 
but that the CO 2 is always in shght excess Evidently the pres- 
ence of oxygen, of mtrates or of sodium phosphate, smee all these 
substances tend to increase the ratio of carbon dioxide to hydrogen, 
prevents the reahzation of the value umty for this ratio Dolt*® 
found that B coh required either phosphates or nitrates for its 
growth We have found that m the absence of mtrates anaerobic 
growth vamshes if the phosphate content is sensibly reduced below 
the lowest concentration used in the experiments given above, so 
that it appears that, in spite of a systematic error due to the greater 
solubihty of carbon dioxide in the culture hqmd, it is not possible 
to collect equal volumes of carbon dioxide and hydrogen This 
means that if, as Harden concluded, the decomposition of dextrose 
by the action of B coh results m the formation of an equal number 
of molecules of carbon dioxide and hydrogen, accordmg to the 
“classical” fermentation of Duclaux,*® there occurs also a process 
which either uses up hydrogen or produces carbon dioxide and 
which IS therefore oxidational This process seems to be neces- 
sary for growth 

Experiments with B typhosus 

A few experiments were made with two strains of the t 5 qihoid 
bacillus Neither strain could be grown on Uschmski’s solution, 
on Fraenkel’s modification or on various other simple media 

Dolt Journ Inf Dis , v, p 616, 1908 
Duclaux Traite de microbiologte, iv, p 49, 1901 



300 


Gas Metabolism of Bacteria 


The culture fluid consisted of 1 00 per cent each of Witte's peptone 
and dextrose in distilled water, prepared hot and filtered In the 
first four experiments Merck's "Highest Purity" dextrose was used 
and in the fifth a preparation made by recrystalhzing Merck's 
"Pure" (nitrate-free) dextrose from alcohol 
The following analysis for experiment 5 typifies the procedure 
followed in the analysis of small quantities of gases 'The explo- 

Analysxs of experiment B 
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sive gas was calculated as hydrogen, and the closeness with which 
the sums of the analytical percentages thus foimd approach 100 
per cent indicates that the explosive gas was hydrogen On so 
small a quantity of gas as that remaming for the hydrogen deter- 
mination the non-production of carbon dioxide upon explosion 
could not be certainly proved 

Since the presence of dextrose is of great importance for growth 
of bacteria in the absence of oxygen, it is not possible to show by 
the omission of dextrose what is probably the truth that the gases 
obtamed came from the dextrose Nevertheless a sigmficant 
amount of fermentable sugar could not have been present in the 
peptone, smce it was found that B coli produced anaerobically on 
a 1 per cent solution of Witte’s peptone m forty-eight hours at 
37°C only 0 095 cc of CO 2 (38 per cent of the total gas) per gram 
of peptone, and B typhosus produced under the same conditions 
less than 0 02 cc of CO 2 per gram of peptone 
These results show that carbon dioxide and hydrogen are evolved 
by the action of B typhosus on dextrose, but that the amounts 
produced are very much less than those produced by B coli, and 
the ratio of carbon dioxide to hydrogen is many times higher m 
the case of B typhosus Upon the mtrate-free dextrose (expen- 
ment 5) considerably more hydrogen is produced The increase 
per gram of dextrose is about 0 027 cc , whereas the volume of 
hydrogen which the amount of nitrate in question can use up in a 
I B coll fermentation we have found above to be 0 012 cc 

Just as the amount of nitrate present as impurity m the dex- 
trose, while it introduced no significant error in the results for B 
coll, made a large difference in the results for B typhosus (where 
the total amount of gas was much smaller), so may the principles 
in the peptone which increase the ratio with B coli make a greater 
difference with B typhosus It is possible that this is wholly 
responsible for the difference in the values of the ratio found for 
the two orgamsms 

Experiments with Bact welchii 

Bad welchii was grown anaerobically on a medium consistmg 
of 1 per cent each of Witte’s peptone and Merck’s “Highest 
Purity” dextrose m distilled water No alkali was added 
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TABLE IV 


Bad wrlchti tv vacuo 


EXP NO 

VOLUME of] 
MEDIUM 1 

INCUBA- 1 
TION AT 

37“ 1 

1 TOTAL 1 
1 OAfi 

1 

CO. 

H. 

REStDUAL 

OAa 

1 COi 

1 PEB OBAU 

I DEXTROSE 1 

1 CO, 
'H,' 


CC ' 

Aours 1 

ec 

per cent 



1 M 1 

■ 

1 



61 3 

CO 0 




IB 

2 

50 

336 

63 5 

58 5 




m 


The results differ chiefly from those found for B coli upon this 
medium in the larger volumes of gas found per gram of dextrose 


Comparison of the three microorganisms 

Some of the foregoing experiments give a basis for a compan- 
son of the three organisms, namely, those anaerobic fermentations 
of a medium consisting of 1 per cent each of Witte’s peptone and 
dextrose In table V are given the maximum volumes of carbon 
dioxide evolved per gram of dextrose and the ratio CO2 H2 The 
lower value of the ratio given under B typhosus is that obtained 
with nitrate-free dextrose 


TABLE V 



B TTPHOSOB 

B COLI 

1 

BACr WELCBII 

Carbon dioxide in cubic centimeters 
Ratio, COj Hj 

2 1 

from 19 to 44 

■1 

74 

1 48 


* 48 2 hours possibly not maximum amount obtainable 


SUMMARY 

The gas evolution accompanying the growth of certain bactena 
on culture media contaimng dextrose has been studied by an exact 
method 

I The prmcipal results for B coh are 

A Dextrose-peptone media yield considerably larger volumes 
of carbon dioxide than of hydrogen upon anaerobic fermentation 
The volume-ratio CO2 H2 is 1 31 

B A suitable "synthetic” medium (composed of ammomum 
lactate, disodium phosphate and dextrose) yields anaerobically 
nearly equal volumes of the two gases The ratio CO2 II2 is always 
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greater than unity and has a mean value of 1 06 for a medium of 
given composition 

1 The presence of oxygen raises the value of this ratio 

2 Increase of phosphate content also raises the value 

3 The phosphate cannot be reduced sensibly in quantity, or 
substituted by a salt less objectionable 

4 The value 1 06 for the ratio 002^0-2 IS mimmal This means 
that if the principal gas reaction consists of a hberation of an 
equal number of molecules of carbon dioxide and hydrogen from 
dextrose there also occurs an accompanying gas reaction of the 
nature of an oxidation 

II B typhosus produces anaerobically from a dextrose-peptone 
medium small volumes of carbon dioxide and an explosive gas, 
probably hydrogen The ratio CO 2 H 2 is never lower than 19 

III Bad welchit produces anaerobically from a dextrose-pep- 
tone medium large volumes of carbon dioxide and hydrogen 
The ratio CO 2 H 2 is 1 48 
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SECOND PAPER 

THE ABSORPTION OF OXYGEN BY GROWING CULTURES OF B 
COLI AND OF BACT WELCHII 

Br FREDERICK G KEYES and LOUIS 7 GILLESPIE 
{From the Biological Laboralory of Brown University ) 

(Received for publication, October 9, 1912 ) 

We have ‘!tudied the gas production of B coli and of Bad 
welchii for various incubation penods in the presence of oxygen 
admitted to the fermentation bulbs in knorm quantities after a 
vacuum had first been obtamed The technique employed has 
been descnbed by us in the preceding paper 
From the data so obtamed we can denve information concern- 
ing the rate at which oxygen is absorbed and concerning the rela- 
tions existing among the quantities of oxygen absorbed and the 
quantities of carbon dioxide and hydrogen evolved 
We have not found m the literature any work on these points 
for any microorgamsm where the atmosphere over the culture was 
accurately controlled and the analyses were made on portions of 
gas accurately sampled 

Experiments with B coli 

The culture medium consisted of 1 00 per cent each of Merck’s 
"Highest Purity” dextrose and asparagine and 0 200 per cent of 
disodium phosphate and was made neutral to phenolphthalein with 
sodium hydrate Corrections were made for the carbon dioxide 
thus introduced, as explained in the first paper, and the values of 
the corrections are given with the analyses 
The results of the gas analyses are given in table I 

30s 
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The values of the ratio, CO 2 Hz, vary enormously, and are many 
tunes the value previously obtained by one of us* for anaerobic 
fermentations 

In an expenment described in the preceding paper (Exp 11, p 
299) the retention of oxygen was foimd to be 2 0 cc , whereas the 
decrease m yield of hydrogen (t e , that amount which, together 
with the amount actually found, would make the ratio COzHj 
equal to 1 06, the mean value for anaerobic fermentations on the 
same medium) is 3 9 cc or only 0 1 cc less than that which the 
oxygen could have oxidized The medium for which this result 
was obtained was based on ammomum lactate If this result 
were the rule, it would indicate that the oxygen was almost quanti- 
tatively taken dp by nascent hydrogen from the dextrose Similar 
calculations from the data here presented show, however, that this 
IS not the rule (at least in the case of the asparagine medium) 
but that the missmg volumes of hydrogen are sometimes greater 
and sometimes smaller than twice the volumes of absorbed oxygen 
The volume of oxygen absorbed per umt volume of carbon 
dioxide evolved (the “respiratory quotient”) is given The mean 
value is 0 135, with a probable error of ± 0 02 
The relation between the volume of oxygen admitted to the 
culture, the volume of oxygen not absorbed and the duration of 
incubation at 37°C can well be seen from a calculation of the 

1 V 

values of the expression - log where t is the time m hours, 

V IS the volume of oxygen admitted, and v is the volume of the 

V 

unabsorbed oxygen Since ~ here equals the ratio of the corre- 
sponding pressures, the given expression is that for the constant 
of a monomolecular gas reaction It is in fact nearly constant 
The values are given in table III "We should note, however, 
that the fermentation bulbs were not shaken durmg mcubation, 
so that although a certain degree of agitation was imparted to the 
medium by the brisk evolution of gas, the rate of oxygen absorp- 
tion may, nevertheless (namely, if relatively fast), have been 
limited by the rate of distnbution In this case the given expres- 
sion should be constant 


‘ Kcyos Journ of Med Res , x\i (N S , xvi), p 69, 1909 
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The data given in table I may properly be compared with those 
obtained for anaerobic fermentations induced by B coli on the 
same medium, and given by one of us in a previous paper, ^ with the 
following results (1) Smaller volumes of carbon dioxide are pro- 
duced aerobically than anaerobically, for all periods of time (2) 
For the same amount of carbon dioxide, less hydrogen is obtained 
aerobically than anaerobically The presence of oxygen therefore 
appears to lessen the production of gases from dextrose and also 
either to cause some output of carbon dioxide by a respiratory 
process or to cause a disappearance of hydrogen (presumably) by 
oxidation 

Experiments with Bad loelchii 


Similar experiments were made with Bad welchn The me- 
dium consisted of 1 00 per cent each of Witte’s peptone and Merck’s 
"Highest Purity’’ dextrose in distilled water, prepared hot and 
filtered No alkali was added Other conditions were the same 
as before, except that all durations of incubation were much longer 
and the pressures of oxygen were much smaller 

1 V 

The values of the expression 7 log — are given in table III They 

C V 

are very nearly constant and are about one-third the value found 
for B coll 

All other results are given in table II The mean value for 


the respiratory quotient 



is 0 014, i e , one-tenth the value 


found for B coli, with a probable error of ± 0 002 

The ratio CO2 H2 is slightly raised by the presence of oxygen,’ 
and does not vary for this organism in great degree as it does for 
B coll 

As with B call, the "missing” volumes of hydrogen are not equal 
to twice the volumes of oxygen absorbed but are sometimes greater 
and sometimes smaller It is perhaps of significance in this con- 
nection that both the media used for these orgamsms permit side- 
reactions which prevent the evolution of equal volumes of carbon 
dioxide and hydrogen by anaerobic fermentation of dextrose, as 
discussed in the first paper of this stud> 


’ Keyes loc cit 

* Values for anaerobic fermentations are given in the first paper of this 
series 
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TABLE III 

1 volume Os admitted 
a ucs o ^ og Qj recovered 


I = time in hours, common logarithms 


Bouns 

B COLI 

nouns 

BACT WEt^HH 

24 

0 0059 

240 

0 0013 

66 

0 0030 

240 

0 0010 

72 

0 0040 

336 

0 0005 

74 

0 0039 

384 

0 0011 

116 

0 0023 

432 


167 

0 0030 

480 


192 

0 0027 



Mean value 

0 0035 =<= 0 0003 


0 0011 ± 0 0001 


SOTIMAIiy 

The absorption of oxygen by growing cultures on dextrose media 
of B coh and of (the strict anaerobe) Bad welchti has been studied 
by an exact method Data afforded by complete gas analyses are 
given The following compansons are made possible 

1 For both microorgamsms, the absorption of oxygen simulates 
a monomolecular reaction 

2 The mean values of the respiratory quotients, although the 
probable error of each is large, are widely different for the two 
microorgamsms 

3 With varying pressures of oxygen, the ratio CO 2 Hj vanes 
enormously m the case of B coh, but varies only slightly m the 
case of Bad welchii 

We think that the numerical differences in the results for the 
two microorgamsms may possibly be referable to differences m 
expenmental conditions, if so, probably to the differences m 
oxvgen pressures 
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(Received for publication, October 12, 1912 ) 
INTRODUCTION 

In the investigation of the organic phosphoric acids present 
in various cereals and feeding stuffs which is being earned out 
in this laboratory, cotton seed meal was also examined Earlier 
work by other investigators has shown that this product proba- 
bly contains some complex orgamc phosphoric acid ^ It seems, 
however, that if such a substance is present it has not been iso- 
lated m pure form nor have its properties been fully studied 

The opimon seems to be generally held that cotton seed meal 
contains some poisonous principle, but the exact nature of this 
principle has never been defimtely determmed It has been 
claimed that pyro- and metaphosphonc acids were present in 
cotton seed meaF and it was thought that the poisonous properties 
of the product were due to the presence of salts of these acids 
More recent work by Crawford’ led him to bebeve that the poison- 
ous prmciple was a salt of either a simple morgamc or a complex 
orgamc pyrophosphonc acid 

The presence of these acids has been adduced from the fact 
that extracts of cotton seed meal give similar reactions to the 
above acids, viz , anomalous behavior towards ammomum mo- 
lybdate, white precipitates with silver mtrate and coagulation 

Rather Texas Agric Exp Station, Bulletin 146, 1912 

* Hardin South Carohna Agric Exp Station, Bulletin 8 (new senes , , 
1892 

’ Crawford Journ of Pharmacol and Exp Therapeutics, i 
1910 
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of egg albumen j further, the poisonous effects resemble those 
given by these acids Aside from these reactions, however, there 
IS no proof whatever that either pyro- or metaphosphonc acid 
is present m cotton seed meal 

The purpose of the present investigation was to isolate and 
identify, if possible, the orgamc phosphonc acid in cotton seed 
meal We are, consequently, unable either to deny or affirm the 
absence c” presence of pyro- or metaphosphonc acid in this prod- 
uct We have found, however, that the organic phosphonc acid 
isolated from cotton seed meal gives all the reactions reported 
by the above authors, which they considered as evidence of the 
presence of pyro- and metaphosphonc acid It seems, there- 
fore, probable that the reactions referred to are due to the or- 
gamc phosphonc acid rather than to pyro- or metaphosphonc 
acids 

The preparation of the substance and its punfication will be 
more fully described m the expenmental part It vnll suffice 
to state here that the cotton seed meal was extracted with 02 
per cent hydrochloric acid and the substance isolated as the 
banum salt The punfication of the substance is very difficult 
The extract contains large quantities of soluble impunties, muci- 
laginous substances, proteins, etc , which render the punfication 
extremely difficult and tedious In addition to the above, there 
IS apparently some carbohydrate associated with the organic 
phosphonc acid, the removal of which requires much time For 
the same reasons the yield of the pure product is very unsatis 
factory 

The compound finally obtained is very similar to phytic acid 
so far as composition and reactions are concerned In fact it 
is impossible to determine from the present data whether the 
substance is phytic acid or an isomer Both yield mosite when 
heated in a sealed tube with dilute sulphunc acid and the reactions 
of aqueous soultions of the free acids can hardly be differentiated 
The most sinking difference is that the banum salt of the product 
from cotton seed meal shows a decided tendency to crystallize, a 
property which we have never observed when working with banum 
phytate under the same conditions 

If the substance from cotton seed meal is precipitated fro® 
acid solutions wnth banum hydroxide it separates as a white 
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amorphous precipitate When the dned precipitate is digested 
in 0 5 per cent hydrochloric acid it dissolves very readily but 
after a few minutes it precipitates again Under the rmcroscope 
this precipitate is seen to consist of balls or globular masses of 
very fine needle-shaped crystals The dilute hydrochloric acid 
solution of the barium salt gives a white amorphous precipitate 
on the addition of alcohol, on standing for several hours, however, 
it slowly assumes the same crystalline form as mentioned above 
The free acid is not precipitated by banum chlonde but if such 
a solution is allowed to stand over mght or longer the banum salt 
will separate in fine needle-shaped crystals, grouped in the same 
general form as above but the individual ciystals are much larger 
The amorphous precipitates are very soluble in 0 5 per cent 
hydrochloric acid but, after the substance has assumed the ciystal- 
hne form, it is very slightly soluble in this medium 

"RTiile the banum salt was easily obtamed m crystalhne form 
it did not contam a constant amount of the base The vana- 
tions would sometimes amount to as much as 3 or 4 per cent, 
depending upon the amount of the base present in the solution 
and the conditions under which the substance separated In 
the presence of a large excess of banum chlonde a salt corre- 
sponding nearly to tetrabanum phytate crystallizes out, when 
a small amount of barium chlonde is present salts showing the 
above mentioned vanations are formed, but when the substance 
has been repeatedly separated from acid solutions with alco- 
hol a salt is obtained which corresponds nearly to tnbanum 
phytate 

The aqueous solution of the free acid gives a heavy white 
amorphous precipitate with excess of silver mtrate, with ammo- 
nium molybdate a heavy white crystalhne precipitate is produced 
which remains unchanged m the cold for a long time but when 
heated soon turns yellowish m color These reactions are identical 
with those given by phytic acid, with other metals both acids give 
apparently identical reactions 

The dilute aqueous solution of the acid coagulates egg albumen 
at once This property of coagulating egg albumen, however, la 
not peculiar to the acid from cotton seed meal Phytic acid 
found to produce an identical effect The tetraphosphor^ 
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mum molybdate but after continued heating a shght precipitate 
was obtained The substance was free from mtrogen and sulphur 

After diying at 105° m vacuum over phosphorus pentoxide it 
was analyzed 

0 2925 gram substance gave 0 0894 gram H 2 O and 0 2338 gram COj 
0 2514 gram substance gave 0 0972 gram BaS04 and 0 0933 gram MgjPjO: 
Found C = 21 80, Bf = 3 42, P = 10 34, Ba = 22 75 per cent 

While the substance was very shghtly soluble in boihng water 
it was found when it was rubbed up m a mortar with a small 
quantity of cold water that it qmckly dissolved but it began soon 
to separate agam Under the microscope the precipitate was 
seen to consist of small balls or globular masses of very fine micro- 
scopic needles 

Four grams of the substance were treated as mentioned above 
After standing for two days at room temperature the crystallme 
precipitate was filtered off, washed m water, alcohol and ether 
and dned m the air The snow-white crystallme powder was 
analyzed after previous drying at 105° m vacuum over phos- 
phorus pentoxide 

0 2092 gram substance lost 0 0291 gram H2O 
0 1801 gram substance gave 0 0232 gram H O and 0 0379 gram COj 
0 1754 gram substance gave 0 1262 gram BaSO« and 0 0965 gram MgjPjO: 
Found C = 5 73, H = 1 44, P = 15 33, Ba = 42 34, H5O = 13 91 per cent 

The composition of this product differs entirely from that of 
the starting matenal but it agrees closely with that required for 
tetrabanum phytate 

Calculated for tetrabanum phytate, CeHieOrrPeBai = 1255 
C = 5 73, H = 1 27, P = 14 82, Ba = 43 74, 11 H 0 = 13 62 per cent 

The filtrate from the above crystallme compound was pre- 
cipitated by alcohol, filtered, washed and dned m vacuum over 
sulphunc acid It was a perfectly white amorphous powder 
It was analyzed after drying at 105° in vacuum over phosphorus 
pentoxide 

0 1758 gram substance gave 0 0790 gram H 2 O and 0 2222 gram COi 
0 1247 gram substance gave 0 0223 gram BaSOi and 0 0201 gram MgtPi ' 
Found C = 34 47, H = 5 02, P = 4 49, Ba = 10 52 per cent 

The substance was very soluble m 0 5 per cent hydrochlonc 
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acid, m which it gave the same thick, mucilaginous, slightly opal- 
escent solution as mentioned above 
The compound first analyzed is evidently not homogeneous 
It apparently consists of some carbohydrate or gummy substance 
and an organic phosphorus compound, the latter ciystallizes 
from the aqueous solution in nearly pure form but the substances 
cannot be separated by precipitatmg the dilute acid solutions 
with alcohol This gummy substance has not been isolated m 
pure form and we are entirely in the dark as to its nature and 
composition 

A portion of the above crystalline banum salt was used for 
the preparation of the free acid The substance was, however, 
not pure and it had not been washed free of the mother liquor 
The acid was prepared by the usual method, that is, the banum 
salt was decomposed with a slight excess of sulphunc acid, the 
filtered solution precipitated with copper acetate, the latter fil- 
tered, washed and decomposed with hydrogen sulphide, again 
filtered and the filtrate evaporated m vacuum at a temperature 
of 40-45° and finally dried m vacuum over sulphunc acid In 
appearance and reactions the acid was practically identical with 
phytic acid except that after boihng with dilute hydrochlonc acid 
and neutralizing it slightly reduced Fehhng’s solution This reduc- 
tion, however, we believe to be due to admixed impurities for, as 
stated above, the acid was not prepared from a pure compound 
The aqueous solution of the acid coagulates egg albumen at 
once As has been already mentioned phytic acid gives the 
same reaction, as well as the inosite esters of phosphonc and 
P 3 uophosphonc acids Apparently, therefore, no special sigmfi- 
cance can be attached to this reaction 

The acid gave the followmg result on analysis after previously 
drying at 105° in vacuum over phosphorus pentoxide 

Found C = 11 71, H = 3 07, P = 26 35 per eent 

The crystalline precipitate mentioned on page 315, which sepa- 
rated from the solution of the first banum precipitate in 0 5 per 
cent hydrochlonc acid, was treated with about 5 per cent hydro- 
chlonc acid in which the greater portion dissolved The insoluble 
matter was removed by centnfuging and the solution precipitated 
mth alcohol This operation was repeated a second time when 
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the substance was obtained nearly white It differed from the 
first preparation in that its solution in dilute hydrochlonc acid 
was neither mucilaginous nor opalescent For further punfication 
the substance was first precipitated by banum hydroxide from 
its dilute hydrochlonc acid solution and then twice precipitated 
from dilute hydrochlonc acid with alcohol The precipitates 
produced by the alcohol were amorphous at first but when allowed 
to stand over mght m the mother hquor they always changed 
to the same crystalline form as previously mentioned 

After precipitating the last time with alcohol the substance 
was qmckly filtered, washed in dilute alcohol, alcohol and ether 
and dned m vacuum over sulphunc acid The product was a 
snow-white amorphous powder and it weighed 7 4 grams 

The filtrate from the above was allowed to stand over night 
when a small amount of the substance crystallized out The crys- 
tals were filtered, washed in dilute alcohol, alcohol and ether and 
dned m the air The substance was free from chlorine and gave 
no appreciable color reaction with phloroglucine or orcine For 
analysis it was dried at 105° in vacuum over phosphorus pentoxide 

0 2450 gram substance lost 0 0272 gram HsO on drjing 
0 2178 gram substance gave 0 0284 gram HjO and 0 0522 gram COs 
0 1776 gram substance gave 0 1170 gram BaSOi and 0 1078 gram MgjPjO: 
Found C = 6 53, H = 1 45, P = 16 91, Ba = 38 76, HjO = 11 10 per cent 

This substance agrees nearly m composition with tribanum 
ph3i;ate 

Calculated for tnbanum phi-tate, CcHiBOnPjBas = 1120 
C = 6 42, H = 1 60, P = 16 60, Ba = 36 78, 8H 0 = 11 39 per cent 

The amorphous product (7 4 grams) mentioned above was 
analyzed after previous drying at 105° m vacuum over phos- 
phorus pentoxide and the followmg results obtamed 

C = 8 04, H = 1 62, P = 16 65, Ba = 36 55 per cent 

The substance was free from chlorine It was very shghtly 
soluble m boihng water With phloroglucine it gave a cherry 
red color, with orcine only a faintly greemsh color was produced 
After boihng m dilute hydrochloric acid, precipitating the banum 
with sulphunc acid, filtering and neutrahzmg, it reduced Fehhng s 
solution shghtly on boihng Evidently some carbohydrate was 
still present 
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For further purification the substance was dissolved in 0 5 per 
cent hydrochloric acid, filtered and alcohol added until a faint 
permanent turbidity remained This was cleared up by the 
addition of a few drops of dilute hydrochlonc acid and the solu- 
tion allowed to stand at room temperature The substance soon 
began to separate m the same crystalhne form as before After 
standing for two days the crystalline substance was filtered off, 
washed m water, alcohol and ether and dried m vacuum over 
sulphuric acid 

The mother liquor was diluted with more alcohol and allowed 
to stand as before when a further quantity of the same shaped 
crystals was obtained After filtenng, washing and dr 3 nng as 
before these salts were analyzed after first drying at 105° 

Found (first crop of crystals) C = 7 06, H = 1 53, P = 16 46, Ba = 38 'I6 

per cent 

Found (second crop of crystals) C = 7 47, H = 1 58, P = 16 46, Ba = 

38 12 per cent 

In order to deterrmne if further treatment would alter the 
composition, the whole substance was digested in 50 per cent 
acetic acid over mght, filtered, washed in water, alcohol and ether 
and dned in the desiccator It was then dissolved m 0 5 per 
cent hydrochlonc acid, filtered and the solution brought to crys- 
tallization by the careful addition of alcohol as before The 
product finally obtained weighed 3 8 grams and it was a snow- 
white crj’-stalhne powder For analysis it was dned at 105° in 
vacuum over phosphorus pentoxide 

Found C = 7 10, H = 1 52, P = 17 17, Ba = 38 11 per cent 

As continued treatment did not alter the composition and as 
it separated in crystalhne form it was imdoubtedly a homogeneous 
compound 

The free acid prepared from this purified barium salt by the 
same method as before gave the following result on analysis after 
previous diying at 78° in vacuum over phosphorus pentoxide 

0 2626 gram substance gave 0 0763 gram HjO and 0 1049 gram CO 
0 1733 gram substance gave 0 1686 gram MgjP O, 

Found C = 10 89, H = 3 25, P = 27 11 per cent 
Calculated for phytic acid, CsH <0-7P« = 714 
C = 10 08, H = 3 36, P = 26 05 per cent 

This acid gave the same reactions as previously desenbed 
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Preparation of inosite from the above hanum salt 

Of the dry salt, 1 34 grams were heated in a sealed tube mth 
10 cc of 5 n sulphuric acid to 160° for about three hours After 
precipitating with barium hydroxide the inosite was isolated in 
the usual way and recrystalhzed from dilute alcohol with addi- 
tion of ether The product was obtained in colorless needles 
free from water of crystallization The yield was 0 17 gram or 
about 77 per cent of the theory It gave the reaction of Scherer 
and melted at 221° (uncorrected) The air-dned substance was 
analyzed 

Found C = 39 81 , H = 6 96 per cent 

A further quantity of the banum salt was prepared by the 
followung method which was found to be much less labonous 
1 ■ that used at first The cotton seed meal, 8 kilograms, was 
digested in 16 liters of 0 2 per cent hydroehlone acid for about 
five hours It was then pressed through cheese-cloth and the ex- 
tract filtered through absorbent cotton The extract was pre- 
cipitated with excess of barium hydroxide, allowed to settle and 
then centrifuged The precipitate was digested m several liters 
of 0 5 per cent hydrochloric acid and agam centnfuged The 
free acid was then nearly neutralized with barium hydroxide 
The precipitate which separated was the banum salt of the organic 
phosphonc acid This was filtered and treated with 0 5 per 
cent hydroehlone acid m which it was readily soluble at first 
but it soon separated in the usual crystal aggregates This 
was filtered and washed and dissolved in sufficient dilute hydro- 
chloric acid and again filtered The practically colorless filtrate 
was precipitated by alcohol After filtering it was agam dissolved 
m dilute hydrochloric acid and precipitated with barium hydrox- 
ide, filtered and washed in water It was then dissolved m dilute 
hydroehlone acid, precipitated with alcohol, filtered, washed m 
dilute alcohol, alcohol and ether and dried in vacuum over sul- 
phunc acid The product was a snow-white amorphous powder 
and it weighed 24 grams It was dissolved in about 300 cc of 
0 5 per cent hydrochloric acid, filtered and allowed to stand a 
short time when a portion crystallized out This was filtered 
off, washed several times in water and fimally in alcohol and ether 
and dried in the air The white crystalline powder weighed 7 4 
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gianis The filtrate and ■nashmgs from above were united and 
precipitated by alcohol After standing over night the amor- 
phous precipitate had changed to the usual crystalhne form 
After filtering, washing and dr 3 ung in vacuum over sulphuric 
acid it weighed 14 7 grams 

The above salts were free from chlonne The nitnc acid solu- 
tions gave no immediate reaction with ammonium molybdate 
No appreciable color reactions were obtained with phloroglucine 
or orcme and they did not reduce Fehhng’s solution Metals 
other than barium were absent For analysis the substances 
were dried at 105° in vacuum over phosphorus pentoxide 

The first crystalline compound gave the followmg 

C = 6 05, H = 1 45, P = 16 51, Ba = 40 04, H«0 = 12 06 per cent 

This salt IS evidently a mixture of the tn- and tetrabarium salt 
It was recr 3 'stalhzed as follows One gram of the substance was 
dissolved in about 150 cc of 0 5 per cent hydrochloric acid and 
the free acid nearly neutralized with barium hydroxide About 
0 5 gram of banum chloride was then added and the solution 
allowed to stand for two days at room temperature The sub- 
stance separated slowly m the same general crystal form as before 
except that the individual crj^stals were much larger These 
were filtered, washed in water, alcohol and ether and dned m 
the air Under the microscope the substance appeared homo- 
geneous Yield, 0 9 gram After drymg at 105° in vacuum it 
was analyzed 

0 4067 gram substance lost 0 0496 gram on drying 
0 3571 gram substance gave 0 0358 gram H 2 O and 0 0699 gram COj 
0 2068 gram substance gave 0 1530 gram BaSO* and 0 1160 gram MgsP O 7 
Found C = 5 33, H = 1 12, P = 15 63, Ba = 43 53, H O = 12 19 per cent 
Calculated for tetrabarium phytate CjHjtOzrPtBai = 1255 
C = 5 73 H = 1 27, P = 14 82, Ba = 43 74, 10 H 0 = 12 54 per cent 

The second crystalhne compound mentioned above gave the 
followmg result on analysis 

C = 6 88, H = 1 50, P = 15 94, Ba = 37 38 per cent 
P = 16 28, Ba = 37 21 per cent 


This corresponds to a tribarium salt 
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A further quantity of the free acid was prepared from this 
salt by the usual method From 7 grams of the substance practi- 
cally the theoretical quantity of acid was obtained After dry- 
ing at 100° the substance was analyzed 

0 2319 gram substance gave 0 0767 gram HjO and 0 0925 gram COj 

After drying over boiling chloroform over phosphorus pentoxide 

0 2378 gram substance gave 0 0703 gram HsO and 0 0961 gram COj 
0 1495 gram substance gave 0 1414 gram MgjPsO? 

Found C = 10 87, H = 3 70 per cent 

C = 11 02, H = 3 30, P = 26 36 per cent 

Calculated for phytic acid, CeHnOnPe = 714 
C = 10 08, H = 3 36, P = 26 05 per cent 

This preparation gave the same reactions as those previously 
mentioned When carefully prepared the acid is a thick color- 
less syrup readily soluble in water and alcohol Attempts were 
made to prepare crystalline salts of the acid with orgamc bases 
hke pyridine and brucine but without success These salts could 
not be obtained in crystalline form In every case they separated 
as thick liquids which could not be brought to crystallize even 
after long standing 

The reaction of the aqueous solution of the acid with inorganic 
bases may be briefly stated as follows 

Ammomum molybdate gives a heavy, white, crystalline pre- 
cipitate Silver nitrate m excess produces a heavy, white, amor- 
phous precipitate Magnesia mixture also gives a voluminous, 
white, amorphous precipitate It is not precipitated by the chlo- 
ndes of the alkaline earths but the acetates and hydroxides pro- 
duce white amorphous precipitates While banum chlonde does 
not give any precipitate if the solution is allowed to stand at 
room temperature over mght or longer the barium salt crystallizes 
out m delicate, needle-shaped crystals In shape and arrang^ 
ment these crystals are identical with those previously referred 
to but they are much larger It immediately coagulates egg 
albumen A neutral solution of the acid does not reduce Fehimg s 
solution, even after boihng with dilute hydrochlonc acid or 
some time no reduction takes place No appreciable color reac 
tion IS given with phloroglucme or orcine 
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Feme clilonde gives a white precipitate very spanngly soluble 
111 li 3 'drocliloric acid Copper aeetate in excess gives a bluish- 
white precipitate 

On drying at 7S° or 100° the substance turns very dark in 
color but on diying at 60° the color changes but slightly All 
the barium salts obtained were strongly acid in reaction on moist 
litmus paper 

It IS evident that the substance isolated from cotton seed meal 
is verj"- similar to phytm The various salts which have been 
analj’^ztd show but little difference m composition as compared 
vath the corresponding phytm derivatives It may be noted, 
however, that the analjdiical results of the punfied, so-called 
tribanum salts point to the empirical formula C2H4P208Ba Such 
a compound might be a monobasic acid of the formula CH3PO4 but 
it IS also isomeric with inosite hexaphosphate and accordingly 
differs very little m composition from phytic acid 

If the organic phosphoric acid in cotton seed meal is identical 
with phytm, if it is an isomer or if it is a somewhat differently 
constituted substance can hardl 3 '^ be determined from the data 
presented m this paper The investigation vail be continued 
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STUDIES IN THE BLOOD RELATIONSHIP OF ANIMALS 
AS DISPLAYED IN THE COMPOSITION OF 
THE SERUM PROTEINS I 


A COMPARISON OF THE SERA OF THE HORSE, RABBIT, RAT AND 
OX WITH RESPECT TO THEIR CONTENT OF VARIOUS PRO- 
TEINS IN THE NORMAL AND IN THE FASTING CONDITION 

By T BRAILSFORD ROBERTSON 

(From ihc Rudolph Sprcckch Physiological Laboratory of the University of 

California ) 

(Received for publication, October 12, 1912 ) 

I METHODS AND RESULTS 

A Methods 

I have shown in a previous communication^ that it is possible, 
with a very fair and a thoroughly definite degree of accuracy, to 
determine the total quantity and relative proportion of each of 
three groups of serum proteins by a refractometric method, only 
employing very small quantities (not necessarily exceedmg 20 
cc ) of serum The method, briefly recapitulated with slight modi- 
fications indicated by further experience, is as follows 

1 An accurately neasured volume, usually 10 cc , of fresh whipped and 
centrifugalized serum is diluted to ten times its volume with distilled water 
Carbon dioxide is bubbled through this solution at a good rate (two or three 
bubbles per second) for at least one hour The precipitate which is thus 
obtained is allowed to settle for from twelve to sixteen hours The super- 
natant fluid IS then carefully decanted and centrifuged m two 50 cc centri- 
fuge tubes to throw down any flocculi earned over in decantation Mean- 
while, the glass cylmder contaming the precipitate is filled up to the 100 
cc mark with distilled water and the contents thoroughly mixed by shaking 
A few minutes’ energetic centrifugalization of the mother-liquor suffices 
to throw down any traces of globulin which it contains and the fluid is then 


‘ T Brailsford Robertson this Journal, xi, p 179, 1912 
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decanted from the centrifuge tubes, leaving the precipitate closely packed 
at the bottom These tubes arc then filled with the suspension of globulin 
in distilled water, the last traces of globulin being washed out of the cjlin 
der with a few cubic centimeters of distilled water These washings are 
added to the contents of the cent rifuge tubes The suspension is now ener 
getically centrifuged and in a few minutes the precipitate is found to be 
tighth jiacked at the bottom of the tubes The fluid is now poured off, 1 
cc of -nr KOH or NaOII is added to the contents of one of the tubes and 2 or 
3 cc of distilled w ater As soon as all of the globulin is dissolved in the 
first tube, the contents are transferred to the second tube, the first tube 
being carefully nnsed with 3 or 4 cc. of distilled water As soon as the glo 
bulin in the second tube is completely dissolved, the contents and rinsings 
from this tube are transferred to a narrow calibrated* measuring cylinder, 
which IS then filled by the addition of distilled water to the 10 cc mark, that 
IS, to the volume originally occupied by the serum from which the globulin 
w as precipitated * The refract i\ c index of this solution and that of KOH 
or NaOH are determined at the same temperature The difference between 
the two readings, divided by 0 00229, yields (he percentage of " insoluble" 
globulin in the original serum 

2 To an accurately measured volume of the suim, scrum is added an equal 
volume of saturated ammonium sulphate solution and the globulins thus 
precipitated are filtered off, the filtrate is collected and diluted to one half 
with water and the refractive index of the mixture thus obtained is measured 
At the same time we measure the refractive index of a one-fourth saturated 
solution of ammonium sulphate prepared by adding to a portion of the 
saturated ammonium sulphate solution an equal volume of distilled water 
and diluting the solution thus obtained to one-half The difference between 
these two readings, multiplied by 4 and then diminished by 0 00157 (the 
rcfraetivity of the non-protein constituents of serum) yields the total refrac 
tivily of the albumins of the scrum If crystallizable albumin be absent, 
then this figure divided by 0 00177 yields the percentage of albumin in the 
original serum 

3 The refractive index of the original scrum is determined and that of 
” NaCl The difference between the two readings yields th e total refrac- 

* Calibrated against the pipette employed to measure out the original 
volume of serum 

’ The centrifugalization of the globulin saves time and also prevents loss 
m decantation If, however, the globulin be centrifuged immediatey 
after the passage of the COj, it carries down any haemoglobin which t o 
serum may contain and this color cannot be washed out of it again i 
on the contrary, it be allowed to stand for some hours to flocculate it 
down uncolored even from serum tinged with haemoglobin This fact wou 
appear to indicate danger of contamination by “occlusion,” if the 
tate bo immediately centrifuged, and the results obtained might conceiva 
be too high Hence the procedure indicated above is preferred 
* Cf below 
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Uviitj of the prolans tn the serum Subtracting the refractivity of the 
albumins determined above, vve obtain the total refractivity of the glohulins m 
the scrum This estimate divided by 0 00229 yields the total percentage of 
glohulnis in the scrum 

4 The sum of the percentage of albumin and globulin yields the total per- 
centage of proteins in the scrum If desired this estimate may be checked by 
a Kjeldahl determination of the nitrogen in the total coagulable protein 
contained in a measured sample of the serum employed 

According to Reiss^ the refractivity of crystallized serum albu- 
min differs considerably from that of amorphous serum albu- 
mm, 1 gram of the former per 100 cc of solvent producing a 
change of 0 00201 m its refractive inde\ while 1 gram of amor- 
phous albumin per 100 cc of solvent produces a change of 0 00177 
m its refractive index If appieciable quantities of cr 3 'stallizable 
serum albumin exist as such m a sample of serum under investi- 
gation we should expect to detect its presence by a lack of agree- 
ment between the percentage of total proteins, determined refrac- 
tometrically, and the percentage of total proteins deterimned by 
coagulation and a Kjeldahl estimate of the total nitrogen m the 
coagulum As w e shall see, how'cver, even when serum known to 
jneld large amounts of cijstalline albumin to appropriate treat- 
ment is emploj^ed, to wit, horse serum, no such lack of agreement 
can be detected Consequently the method of analj'^sis outlined 
above juelds reliable results whether the serum under examination 
readilj'- yields crystalline albumin or not 

B Results obtained with horse serum 

Through the kindness of my colleagues, Drs C M Haring and 
C L Roadhouse, to whom mj’’ sincere thanks are due, I have been 
able to obtain horse serum from an adult ammal which had been 
deprived of food for about tw^enty-four hours previous to the bleed- 
ing ® The blood was collected in Erlenmeyer flasks, directly from 
the jugular vein, defibrinated by shaking with glass beads and 
immediately centrifuged The clear seium was pipetted off and 
analyzed immediately 

‘E Reiss Beilr z chem Physiol u Path , iv, p 150, 1903, Arck f exp 
Path u Pharm , h, p IIS, 1903 

' Cf under sections C and D regarding the influence of fasting upon the 
composition of the serum-proteins 
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The “insoluble” globulin was determined m two 10 cc samples, 
the albumins were determined m two 5 cc samples In each case 
the different samples yielded identical results In these and m 
all of the other determinations reported in this article a Pulfnch 
refractometer, reading to within 1' of the angle of total reflection, 
was employed A sodium flame was the source of light The 
following were the results obtained 


Table 1 Horse serum 


“Insoluble” globulin 
Total globulins 
Total albumins 
Total proteins 


PCT- cent 

0 34 ± 0 W 

3 5 ± 0 15 

4 6 ±02 
8 1 ±02 


The figure following the =fc sign is the possible error in the deter- 
mination due to a possible error of =± 1' in reading the angle of 
total reflection ^ 

Horse serum, as is well known,® readily yields crystalhne albu 
mm upon appropnate treatment, accordmgly I expected to find 
a divergence between the percentage of total protem as determined 
above and the percentage of total proteins estimated by coagula- 
tion and the deterimnation of the mtrogen in the coagulum No 
such divergence was found, however 

The determination of the total coagulable protein was earned 
out as follows, three separate 5 cc samples of the serum being 
employed 

A 9 cm S A S 589 “blue band” filter was about three-fourths filled with 
absolute alcohol and fresh alcohol was kept dripping into the filter from a 
burette as rapidly as it passed through A 5 cc sample of the serum was 
then delivered very slowly, drop by drop, mto the alcohol, which passed 
through qmte clear and devoid of precipitate The filter and contamed 
coagulum were dried at 36° over H SOi for forty-eight hours The mtrogen 
in the filter and contained precipitate was then determmed by the T “ 


’ In my previous commumeation, referred to above, the possible error in 
determining the total proteins and the albumms is erroneously stated to e 
±01 per cent instead of ± 0 2 per cent, while the possible error m 
mining the total globulin is erroneouslj stated to be ± 0 1 per cent instea o 


± 0 15 per cent 

' Cf Fr N Schulz Die Krystalhsation von Etwetssstoffen, Jena, IQOlfP 
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ofEcial Kjeldahl metliod ' Tlie nitrogen was multiplied by 6 29 in estimat- 
ing tlie protein The following were the results obtained 


Table 2 Alcohol-coagulahle •proicxn in horse serum 


SAMPLE 

N IN SAMPLE 

PER CENT OF ALCOHOL- 
COAQULABLE PROTEIN IN 

THE SERUM 

1 

1 mffm 

64 8 j 

8 15 

2 

62 8 

7 90 

3 

' 63 3 j 

7 97 


Average 8 00 


Hence, mthm the experimental error of the determinations, the 
percentage of alcohol-coagulable protem in horse serum is identical 
with the percentage of total proteins determined on the assumption 
that all of the albumins in the serum have a refractmty per gram 
per 100 cc of solvent of 0 00177 It appears, therefore, that albu- 
min of a refractivity of 0 00201 per gram per 100 cc of solvent is 
not present in sufficient amount m horse serum to appreciably 
affect the accuracy of refractometnc determinations carried out as 
outhned above The reason for this is readily perceived when we 
consider the magmtude of the divergence between the above esti- 
mates which we should expect to find were the whole of the serum 
albumin of the crystalhzable variety In this event, it appears, 
from the refractometnc observations, that in the serum under 
exammation the percentage of total albumin would be 4 1 and 
the percentage of total proteins, 7 6 No less than 40 per cent of 
the total albumins would have to be of the crystallizable variety, 
therefore, in order to cause a divergence of 0 2 per cent between the 
two estimates of the total proteins Now, as we have seen, the 
possible error in the refractometnc determination of the percent- 
age of total protems is 0 2 per cent Hence we may draw the 
followmg conclusions 

(1) Hprse serum does not contam preformed crystalhzable albu- 
mm to the extent of over 40 per cent of the total albumms 

(2) The refractometnc method cannot be employed to deter- 
mme more precisely than this the quantity of crystalhzable albu- 
min contained in sera 

> U S Department of Agnc , Bureau of Chemistry, Bulletin 107, p 5, 
1910 
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(3) Provided not over 40 per cent of the albumins are of the 
crystallizable variety no appreciable error is introduced into the 
refractometric determinations of the total albumins and total pro- 
teins in sera by assuming that all of the albumins present have a 
refractivity of 0 00177 per gram per 100 cc of solvent 

Expressing the quantity of each of the proteins in the horse 
serum employed m terms of the percentage of the total proteins 
•which the 3 ’' represent, the above results may be summarized as 
folloivs 

“Insoluble” globulin 4 2 (±0 4) 

Total globulins 43 (±2) 

Total albumins 57 (±2) 

The figures in brackets represent the plus or minus error in the estima 
tion of these percentages which would be brought about by an error of 
1' in reading the angle of total reflection 

These results are not in good agreement -with those obtained 
bj’- Hammarsten*® and bj' Lemnski,” who agreed in stating that 
the percentage of globulins exceeds the percentage of albumins 
in the serum of the horse I have had occasion to note a similar 
divergence between my results and those of Hamioarsten, employ- 
ing ox serum This divergence is the more surprising since, as 
we shall see, the agreement betn een my results and those of Ham 
marsten and other observers employing the serum of fullj fed 
(i e , “normal”) rabbits is highly satisfactory In ■view of the 
marked influence of fasting upon the relative proportion of the 
globulins and albumins in blood sera, w'hich WT "will discuss m 
sections C and D of this article, I am inclined to attribute these 
divergencies to the fact that the horse and oxen from which I 
obtained my sera n ere m a fasting condition,*^ while those employed 
by Hammarsten and Lewmski were not improbably fully fed ani- 
mals I am confirmed in this belief by the fact that in one instance 
Hammarsten obtained ox serum containing a greater percentage 
of albumins than of globulins 

0 Hammarsten Arch f d ges Physiol , \vii, p 413, 1878 

“ J Lewinski ihid , c, p oil, 1903 
T Brailsford Robertson loc oil 

’’ The oxen killed at local slaughter-houses are invariably fasting a 
have usuallj travelled long distances by railway without food 
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C Results obtained vnth rabbit serum 

I have earned out a number of analyses of the blood serum of 
rabbits The animals emploj'^ed were all of medium size (2000 
grams or thereabouts) and were bled directly from the carotid 
artery into a small Erlenmeyer flask containing glass beads, which 
were agitated until the blood was defibrinated The blood was 
then immediately centrifugalized, and the clear serum pipetted 
off and analyzed 

For mj’’ earlier analyses I employed serum obtained from “nor 
mal” animals, animals, that is, taken directly from the animal 
house and fed at an undetermined time prior to the bleeding The 
follomng were the results obtained 


Table 3 Not mal rabbits 


HkDBrr NUMBER 

INSOLUBLE 

GLOBULINS 

TOTAL 

QIOOULIN8 

TOTAL 

ALBUMINS 

TOTA.L 

rnoTEiNs 


per cent 

per ceiif 

per cent 

per cent 

1 (Graj) 


1 7 =1= 0 15 

4 9 =t 0 2 

6 G 0 2 

2 (Yellow) 

0 35 * 0 04 

2 0 0 15 

4 5 ± 0 2 

6 5*02 

3 (Yellow) 


2 1 * 0 15 

5 0 0 2 

7 1*02 

Average 

0 35 =fc 0 04 

1 9 * 0 15 

4 S =fc 0 2 

6 7*02 


Expressing each of the above mentioned proteins or groups of 
proteins m terms of the percentage of the total proteins which they 
represent, the above results for “normal” rabbit serum may be 
summanzed as follows 


“Insoluble” globulin 
Total globulins 

Total albumins 


5 2 0 4) 

28 g} (- 2) 

174 ) 


The first figure opposite each group represents the average percentage, 
the upper figures immediately following, the highest percentage observed 
in any individual, the lower figure the lowest percentage observed in any 
mdividual, and the figure m brackets, the plus or mmus error in the estima- 
tion of these percentages which would be brought about by an error of 1' 
'n reading the angle of total reflection 


From these results, it would appear that the variations in the 
relative proportions of the three groups of proteins considered 
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m the three different individuals employed are not greater than 
the variations which might anse from expenmental errors in the 
determinations The above results may be compared with the 
following previous estimates of the total globulins, albumins and 
total proteins in rabbit serum 


O Hatnmarsten determinations made upon four animals, globulins 
precipitated bj saturation of the serum with MgSO< 


Total globulins 


Total albumms 



C Inagaki,!® determinations made upon thirteen animals, 
precipitated by half-saturation of the serum with AmiSOi 

Total globulins 29 


globulins 



Total albumins 



These data, obtained by precipitation of the globuhns and sub- 
sequent Kjeldahl determinations of the mtrogen contained in the 
precipitate and in the coagulated proteins of whole serum are m 
good accord with the data obtained by the much less labonous 
refractometnc method The individual vanations m the ratio of 
globuhn to albumin which are recorded by Hammarsten and 
Inagaki are, however, large — ^much too large it would appear to be 
attributed to expenmental errors in the deterinmations It oc 
curred to me, however, that these vanations might m large part be 
attnbutable to the presence in the blood of varymg quantities o 
protem absorbed from the mtestinal tract, and the possibility 
suggested itself that the relative proportions of the serum proteins 
m a fasting ammal might be less subject to individual variation 
and more typical of the animal species under mvestigation 
cordingly, a number of determinations, similar to the above, were 
earned out, the rabbits employed, however, hemg animals w ic^ 
had fasted, with free access to water, for a period of five uf” 
precedmg bleeding The followmg were the results obtame 


n 0 Hammarsten Arch f d ges Physiol , xvu, p 459, 1878 
>5 C Inagaki Zeilschr f Biol , xlix, p 77, 1907 
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Table 4 Fasting rabbits 


nAUDIT NUMBER 

INSOLUBLE 

GLOBULIN 

TOTAL 

GLOBULINS 

TOTAL 

ALBUMINS 

TOTAL 

PROTEINS 


per cent 

per cent 

per cent 

per cent 

1 (Gray) 


1 2 0 15 

6 8 ± 0 2 

8 0 0 2 

2 (GrajO 


1 4 ± 0 15 

7 2 =fc 0 2 

8 6 0 2 

3 (Gras) 

0 21 0 04 

1 3 ± 0 15 

6 2 =t 0 2 

7 5 ± 0 2 

4 (Black) 

0 21 =*= 0 04 

1 2 ± 0 15 

6 8 ± 0 2 

8 0 0 2 

5 (Graj ) 

0 24 0 04 

1 3 ± 0 15 

5 6 =1= 0 2 

6 9 ± 0 2 

6 (Gray 

•<14 

0 

0 

-H 

0 

1 2 ± 0 15 

6 2 ± 0 2 

7 4 ± 0 2 

7 (long haired albino ) 

0 24 0 04 

1 3 ± 0 15 

6 0 ± 0 2 

7 3 ± 0 2 

Average 

0 23 ± 0 04 

1 3 ± 0 15 

6 4 ± 0 2 

7 7 ± 0 2 


Expressing each of the above mentioned proteins or groups of 
protems in terms of the percentage of the total proteins ivhich 
they represent, these results for fasting rabbit’s serum may be 
summanzed as follows 


“Insoluble” globulins 


30(2 e} 


Total globulins 



2 ) 


Total albumins 



2 ) 


From these results we perceive 

(1) That the percentage of total protems in sera denved from 
different fasting individuals is highly variable, a fact which is 
readily understood when we reflect that the ammals were allowed 
free access to water 

(2) That the relative proportions of the different protems m 
th& sera of fasting animals are constant within the limits of the 
experimental error of the determination 

(3) That dunng starvation the total protein content of the blood 
serum increases (compare tables 3 and 4) 

(4) That durmg starvation the percentage of globuhns m the 
blood serum dimimshes 

(5) That, consequently, during starvation the proportion of 
albumins to globuhns undergoes a marked increase 
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An increase in the total protein content of blood serum during 
starvation has been observed by Simon*® m the horse and b} 
Lewinski*^ and Githens*® m the dog The period of starvation 
employed by Simon and Lewmski being from three to six days, 
while that employed by Githens was from two to three weeks 
Salvioh*® and Burckhardt**® employing a period of from three to 
SIX days’ starvation m dogs found no perceptible alteration m the 
protein content of the serum, while Panum’** employing a period 
of thirteen days’ starvation in dogs found an actual decrease in 
the total protein content of the seium 

Having regard to the fact that the methods of determmmg the 
protein content of fluids have undergone great improvement since 
Panum, Salvioh and Burckhardt carried out their estimations, 
these results are in good accord with my own results cited above 
As regards the alteration in the proportion of globuhns to albu 
mins consequent upon starvation, however, much divergence of 
opimon IS expressed by different investigators Thus Salvioli 
finds no alteration in the proportion of globuhns to albumins in the 
blood serum of dogs dunng starvation, while Burckhardt, also 
employing dogs, finds an increase in the “insoluble” globulin 
(precipitated by dialysis) and a corresponding decrease in the per- 
centage of residual protein Lewinski, who separates the globulins 
by saturation with MgSO^, finds an increase both m globulins and 
in albumins m dog serum during starvation, the increase in glo 
buhns being more marked than the increase m albununs Githens, 
who separates the globuhns by fractional coagulation ivitli NaCl, 
finds a decrease m the proportion of albununs and a corresponding 
increase in the proportion of globuhns m dog serum during starva 
tion The concensus of opinion appears to be, therefore, that m 
dogs fasting leads to an increase in the proportion of globulins to 
albumins 

« 

w Simon Physiologischc und pathologische Anthropochemte, Berbn, 184-, 
p 235, cited after Panum Virchow's Archiv, x\ix, p 241,1864 
u J Lewinski Arch f d ges Physiol , c, p 611, 1903 
“ T Githens Bnir z chem Physiol , v, p 514, 1904, cf al‘'° 
Subbotin Zntschr f Biol , vii, p 185, 1871, J G Otto Maly’s Jahres 
hcrichl f Tierchcm , xvii, p 134, 1888 

G Salvioh Arch f (Anal it ) Physiol , 1881, p 269 
Burckhardt j4rc/i / exp Path it Pharm , xvi, p 322, 1883 
P D Panum loc cii 
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H T Krieger,-- however, employing ntbbits, obtains the same 
result as I, namely, a decrease in the proportion of globulins to 
albumins during starvation It appears, therefore, that the direc- 
tion in V inch this ratio alters durmg starvation varies with the 
species, possiblj'' v ith the nature of the normal dietary of the ani- 
m d As we shall see, my results obtained with the sera of normal 
and of fasting rats confirm this vien 


D ResiiUs obtained with ? at serum 


Twelve normal (that is, fullj' fed) adult albino rats were ether- 
ized and bled by cutting the throat The blood of all of the ani- 
mals was caught in the same Erlenmej’^er flask containing glass 
beads and defibrinated bj'- shaking It was then immediately 
centrifuged, and the clear serum pipetted off and analyzed The 
following V ere the results obtained 


Tabu, 5 

“Insoluble” globulin 
Totnl globulin 
Total albumins 
Total proteins 


Normal rats 

per cent 

0 4S * 0 04 
17 =1= 0 15 
4 8 ±02 

6 5 ±02 


Expressing the aboa e results, as in previous cases, in terms of 
percentages of the total proteins, ve obtain for normal rat serum 

“Insoluble” globulin 7 4 (± 0 4) 

Total globulin 26 (±2) 

Total albumins 74 (± 2) 


Similar determinations v ere carried out upon the serum of fast- 
ing rats Eighty animals n ere fasted lor thirt3'-six hours They 
were bled in batches of forty into two separate Erlenmeyers, the 
blood being defibrinated with glass beads and then centrifuged as 
before The following were the results obtained 

H T Krieger Inaugural Dissertations Strassburg, 1899, cited after 
Maly’s Jahresbencht f Tierchem , 1899, p 14 

’ It IS impossible to fast rats much longer than this vathout mducing 
patho'ogical symptoms After sixty hours they die of hunger or else, if 
kept together, commence devouring each other 
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Table 6 


“Insoluble” globulin 
Total globulins 
Total albumins 
Total proteins 


Fasting rats 

DATCn 1 
per cent 

0 55 0 04 

2 6 ± 0 15 
4 8 0 2 

7 4 ±02 


BATCH 2 
per cent 

0 55 ± 0 04 
2 7 ± 0 15 
4 8 ±02 
7 5 ±02 


Whence we may conclude 

(1) That in rats, as in rabbits and dogs, starvation leads to 
an increase in the protein content of the blood serum 

(2) That in rats, as m dogs, the effect of starvation upon the 
ratio of globulin to albumin is contrary to its effect upon this ratio 
in rabbits, that is to say, the proportion of globulins to albumins 
increases 

Expressing the above results, as m previous cases, in terms of 
percentages of the total proteins, we obtain for fasting rat’s serum 


“Insoluble” globulin 
Total globulins 
Total albumins 


7 4 (± 0 4) 
36 (=t 2) 

64 (± 2) 


II DISCUSSION OF THE HESULTS 

Summarizing the results enumerated above, obtained with 
fasting ammals, and comparing them with the reailts previously 
obtained ivith the serum of fasting oxen, we obtam the following 
table in which the results are expressed as percentages of total 
protein 

Table 7 Fasting animals 


SPECIES 

1 INSOLUBLE 1 

GLOBULIN 1 

TOTAL GLOBULINS 

TOTAL AIJSCMINB 

Albino rat 

Rabbit 

Ox 

Horse 

7 4 (±0 4) 1 

3 o{^ 5} (±0 4)1 

8 9 (±0 4) 

4 2 (±0 4) 

36 (±2) 

36 (±2) 

43 (±2) 

1 64 (±2) 

83 (“}(*« 
64 (±2) 

I 57 (±2) 


Assuming that the divergence between my results for horse an^ 
ox sera and those of previous observers, alluded to above, is 
to the fact that I employ ed the sera of fasting animals, while o 
have employed the sera of fully fed animals, wm may cons ru 
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a similar tabular comparison of the sera of “normal,” ^ e , fully 
fed ammals, as follows 


Table 8 Normal animals 


SPECIES 

INSOLtrULB j 

OLODULIK8 1 

TOTAL Gionuiirfs j 

TOTAI ALBUMlhTS 

Albino rat (Robertson) 

7 4(=b04) ^ 

26 1 

>2 

0 ' 

74 1 

2 

:) 

Rabbit (Robertson) 

5 2 (±0 4) 

28] 

126; 

[ (=*=2) 

72 < 

(74^ 

(69; 

j- (=^2) 

Rabbit (Hammarsten) 


29 j 

(32) 

1251 

f 

71 j 

(75l 

168J 

1 

y 

Rabbit (Inagaki) 


29 ] 

f36' 

[21. 


71 i 

1 

(79l 

[64j 

( 

Ox (Hammarsten*) 


58] 

(64' 

154J 

(71) 

,58) 

f 

42^ 

(46l 

,36J 

1 

Horse (Hammarstenf) j 


63 ] 


37 ] 

(42) 

,29j 

y 

1 

Horse (Lewinskit) j 

1 

1 

1 

I 63 ] 

(69^ 

,56J 


' 37 ] 

(44) 

,3lJ 

1 


* Determloatlons mndo upon four Individuals the 6ftb alluded to above (Section B) In 
Tibich the albumins were present in excess of the globulins is omitted 
t Determinations made upon ten individuals 
t Determinations made upon four individuals 

A companson of these tables enables us to draw the following 
inferences 

(1) In the rabbit, ox and horse, which are herbivorous animals, 
starvation leads to an increase in the proportion of albumins to 
globulins in serum, while in the rat, which is omnivorous, and (cf 
above) m the dog, which is carnivorous, starvation leads to an 
increase m the proportion of globulins to albumins in the serum 
These facts, although as yet insuflBciently extended to afford a safe 
basis for generalization, suggest rather forcibly the view that the 
effect of starvation upon the ratio of globulin to albumin m mamma- 
lian blood sera is correlated with the nature of the normal dietary 
and, conversely, that the nature of the normal dietary is determined 
by the composition of the blood and the needs of the tissues no less 
than by the character of the alimentary cjinal If this be indeed 
the case then the effect of starvation upon the rats employed m 
my investigations is very surprising in view of the fact that they 
had been fed for many weeks preceding the analyses upon a purely 
vegetable diet, to wit, crushed barley 
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Tlie great constancy of the ratio of “insoluble” globulin to total 
globulin and t o total albumins, in different fasting individuals of the 
same species (cf table 4), and its variation m the different specie= 
investigated, indicate that it is a specific character In fullj' fed 
animals the individual variations are greater, nevertheless the data 
enumerated in table 8 indicate that the average value of this ratio 
IS a specific character for fully fed animals also A companson 
of tables 7 and 8 vould even appear to indicate that phylogenetic 
relationships are better displaced in the protein composition of the 
sera of “normal” than in that of the sera of fasting ammals, form 
table 8 the tv o rodent sera are clearly seen to be related and differ 
markedly from the tvo ungulate sera which also resemble one 
another In table 7 these relationships are not =0 clearlj di'- 
plaj ed A.S j et, the data at hand are too seanty to enable one to 
determine in favor of the one or of the other standard of compan 
son A comparison betveen the sera of fully fed animals, hon 
ever, obviouslj necessitates a much larger number of determi- 
nations than a companson between the sera of fjisting ammals 
I have elsevhere-'* pointed out that ve are m possession of 
many data tending to show that the proteins in blood serum are 
united to form a complex, the character of which is presumabh 
determined by the relative proportions in which the different pro- 
teins enter into it, and I have suggested that the specific character 
of this complex m different species ma}’’ possibly underlie the phe- 
nomenon of specificity m the immunological sense The fact that 
starvation alters the proportion in vhich the various proteins are 
present m the sera of animals does not conflict vnth this new, 
vhile the high degree of constancj in the relative proportion o 
the vanous proteins m the sera of fasting ammals lends some degree 
of support to it 

The investigations of ’^’^oit and the more modem mvestigation 
of Fohn,“ Schreuer"' and others haxe taught Us to 
between circulating ■protein, which is only transitorily resi en 
the body, and tissue protein, which is bound up ■mth the mam 
nance of life and not reachly catabohzed We may well suppo 

’•T Braiisford Robertson Untv of Calif Publ Physiol, 25, 

Die yhysil alischc Chemie dcr Prolnne, Dresden, 1912, pp 12&'l 
“0 Po\m Amer Journ of Physiol, xiii, p 11", 190l^ 

‘M Schreuer Arch f d ges Physiol , c\, p 227,1905 



T Brailsford Robertson 


339 


that protein of the former character, derived from the alimentary 
canal and m process of being carried to the tissues by the blood 
stream, does not form an integral part of the specific serum-protein 
complex to which I have referred In fully fed ammals such “ cir- 
culating protein” would be present in the blood m maximum con- 
centration, while in the blood of fasting ammals, m accordance 
with the metabohc "law of nunimum,” we should expect “circu- 
lating” readilj'^ catabolized protein to be present m minimum con- 
centration 

III SUMMARl 

The quantities of “insoluble” globulin, total globulin and total 
albumin contained m the sera of the normal (fully fed) rat and 
rabbit and of the fasting horse, rat and rabbit have been deter- 
mined by a refractometric method described m a previous com- 
munication During the course of this investigation the following 
conclusions were reached 

(1) The refractometric method of analysis yields results (with 
the rabbit) which closely agree with those obtained by previous 
observers, employing other methods of analysis 

(2) Horse serum does not contain preformed crystalhzable albu- 
min to the extent of more than 40 per cent of the total albumins 

(3) The refractometric method cannot be employed to deter- 
mine more precisely than this the quantity of crystalhzable albu- 
mms contained in sera 

(4) Provided not over 40 per cent of the albumins are of the 
crystalhzable variety, no appreciable error is introduced into the 
refractometric determinations of the total albumins and total pro- 
teins in sera by assuming that all of the albumins present have the 
refractmty of amorphous serum albumin, to wit, 0 00177 per 
gram per 100 cc of solvent 

(5) The relative proportion in which the above mentioned three 
groups of proteins are present in the serum of fully fed animals is 
subject to rather high individual variations, the average values 
are, however, characteristic of the species from which the serum is 
derived 

(6) The percentage of total proteins in sera derived from differ- 
ent fasting individuals (with free access to water) is highly vari- 
able 
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(7) The relative proportions in which the above mentioned three 
groups of proteins are present in the sera of fasting animals of 
the same species (rabbits) is constant vathin the limits of the exper- 
imental error of the determination 

(8) Dunng starvation, the total protein content of the blood- 
s'erum nses 

(9) In the rabbit, ox and horse starvation leads to an increase 
m the proportion of albumms to globuhns m the serum, while in 
the rat and m the dog starvation leads to an increase in the pro- 
portion of globulins to albumms in the serum 



PUTREFACTION WITH SPECIAL REFERENCE TO THE 
PROTEUS GROUP 

Bi LEO F RETTGER and CLYDE R NEWELL 
(From the Sheffield Laboratory of Bacteriology and Hygiene, Yale Unnersily ) 

(Received for publication, October 15, 1912 ) 

The subject of putrefaction has caused much confusion in the 
minds of different investigators Most of the definitions of the 
term putrefaction which may be found in text-books, dictionaries, 
etc , are so vague and in many instances contradictory that little 
information may be gained from them Some authors regard 
all bacterial decompositions of organic matter, particularly pro- 
teins, carbohydrates and fats, as putrefactive changes Others 
would limit the action to proteins alone without special refer- 
ence to the actual nature of the decomposition or to the products 
Others, again, would restrict the meamng so as to include only 
those processes of protein disintegration which give rise to foul- 
smellmg products 

In pre%nous publications^ one of us accepted the last-mentioned 
view, namely, that of Bienstock- and numerous other investi- 
gators Since then there has been no occasion to depart from 
that view It may be said that there is no word in the English 
language which conveys exactly the meaning that the word “Faul- 
niss” does, yet the term "putrefaction” is of practically the same 
significance It is derived from the Latin “putrere,” meaning 
“to be rotten,” and hence may be defined literally as a process 
of rotting or offensive decay 

There is no very serious objection to giving the word putre- 
faction the more popular meaning winch is so generally applied 
to it, as a matter of convemence, but m its scientific application 
its meaning should be more specific or restricted Putrefaction 

* Rettger this Journal, ii p 71, 1906, ibid , iv, p 45, 190S 
Bienstock Arch f Hyg wxvi, p 335, 1S99, ibid , \\\i\, p 390, 1901 
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may be defined, therefore, as a particular process of protein 
decomposition which is brought about through the agency of 
bacteria wth the evolution of foul-smelling products which are 
characteristic of ordinary cadavenc decomposition It should 
be stated that mercaptan is of particular significance and that in- 
dole, skatole and hydrogen sulphide are of less importance 

Pasteur was the first to point out that putrefaction is essenti- 
ally an anaerobic process This view has since been held by many 
investigators Certain writers have in recent years attempted 
to overthrow the conception of Pasteur, however Whether the 
newer contentions are based on suffieient expenmental evidence 
may be regarded by many as an open question 

In a previous papeP it was claimed that only certain obligate 
anaerobes are able to imtiate and carry on the decomposition of 
native proteins in the absence of atmosphenc oxygen Baallus 
putrificus, B edemahs mahgm and B anthracis symptmalia 
were mentioned as the best examples B tetam does not have a 
place in this group B acrogenes capsulatus (Welch) has only a 
limited if, m fact, any proteolytic action All of the facultative 
anaerobes that were tried were found to lack this power At 
least thirty different organisms, including Proteus vulgaris, were 
subjected to the test The results were in perfect harmony with 
those which Bienstocf obtained in his extensive work on putre- 
faction 

Dunng the past two years we have repeated some of the earlier 
experiments, and particularly those beanng on the proteus group 
As a prehmmaiy part of the investigation, we sent personal 
requests to at least twenty-five different bacteriological labora- 
tones for culture tubes of members of the proteus group of bacilli 
We were liberally supphed with cultures from many sources, 
including four strains from the Pasteur Institute of Pans (Pro- 
fessor Metchnikoff’s laboratory) Of the tubes received, twelve 
were labeled Proteus vulgans, three, P mirabtlis, two, P zenlen, 
one, P homims and one, P versicolor Furthermore, there were 
tubes beanng the numbers 370, 372, 374 (1) and 374 (2) an 
four cultures from the Pasteur Institute labeled Proteus a, b, c 
and d 

’ Rettpor this Journal, ii, p 71, 1906 

* Bicnsfock Inc cit 
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All of the strains were put through the most important cul- 
tural and microscopic tests in order to satisfj" ourselves that we 
were m each case working with a member of the so-called proteus 
group and with uncontaminated cultures The putrefaction tests 
were usuall}" made in the egg-meat medium® which has for sev- 
eral vears been employed in this laboratory Tubes of blood 
fibrin suspended m bouillon and in Uschmsky medium were 
employed also The egg-meat medium was used m preference 
to others because of the ease with which it is prepared and the 
satisfactory results which have been obtained with it 

All of the tests w'ere made m large test tubes Anaerobiosis 
was induced by means of the aIkah-p 5 uogalhc acid mixture, by 
the Buchner and the Wright methods As checks, putrefaction 
tests were made wath B pidnficiis, B edemahs mahgm and B 
anthracis sijmptomatia, Positive putrefaction results were ob- 
tained with these organisms m every instance, that is, on opening 
the tubes the charactenstic odor of putrefaction w'as given off 
and the solid matter (egg white and meat) was rapidly reduced 
m volume 

With the various members of the proteus group the results 
were entirely different Not one of the twenty-six strains which 
were used in this investigation gave us the slightest indication 
that it possessed the ability to initiate and bring about any visi- 
ble change in the character of the protein material, when grown 
under anaerobic conditions There was no visible reduction m 
the volume of the sohd matter nor the least odor of putrefaction 
when perfectly clean rubber stoppers were employed in sealing 
the tubes In a verj few instances a slight odor of putrefaction 
was perceived, but this was found to be due to stoppers which 
had been used m positive putrefaction tests On removing the 
stopper and cotton plug, and after thorough cleansing of the 
mouth of the tube, the odor disappeared 

Tubes were left m the incubator (37 5°C ) for at least a wnek, 
often for two or three weeks They were also kept at ordinary 
room temperature for similar periods Before incubation at the 
higher temperature the tubes were kept comparatively cool 
(8-10°) for from twenty-four to thirty-six hours in order to 


‘Rettger this Journal, u, p 71, 1906 
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allow the oxygen to be absorbed before any aerobic bactenal 
action could take place All of the tests were duplicated and 
duplicate examinations of each orgarasm were made at least three 
or four times 

Rigid microscopic examinations were always made of the con- 
tents of the proteus-moculated tubes and, whenever there vas 
any question of contamination, cultural tests were made The 
organisms used m the inoculation were always detected mth 
ease and their numbers indicated that considerable multiphca- 
tion had taken place The grondhs were made possible by the 
presence of non-protein mtrogenous substances and not by the 
proteins 

Besides the anaerobic tests numerous exammations were made 
under aerobic conditions In so far as actual putrefaction is 
concerned, the results were again all negative Prolmis zenlen 
has no visible disintegrating action whatever P mirabilts like- 
wise has none or, at the most, very little when grown under aerobic 
conditions On the other hand, P vulgans possesses the ability 
to attack and to a certain extent decompose the egg-meat pro- 
teins and blood fibrin Such action is, however, very slow and 
IS dependent on an ample supply of atmosphenc oxygen In 
such decomposition of protein there are a number of well-known 
bacterial decomposition products as indole, amines, amino-acids, 
hydrogen sulphide, etc , but these are not the products of real 
putrefaction, in the sense in which we use the term, and the odor 
given off from the P vulgans tubes is not that which is so 
charactenstic of putrefactive changes, as illustrated m the action 
of B putnficus 

Many of the common aerobes and facultative anaerobes are 
known to have defimte proteol3dac action on egg albumin, serum 
albumin, etc , when in contact with free oxygen This is demon- 
strated easily on ordinary blood serum or egg white w'hen they 
have been coagulated by heat, and we need not seek any further 
for orgamsms than B sublths, B prodigtosns, B pyocyaneus, 
etc Furthermore, indole and hydrogen sulphide are veiy com- 
mon protein decomposition products, and are not mdicators o 
real putrefaction The results are quite different, however, w en 
oxygen is excluded, as we have so frequently observed 
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■\'\ e are forced to disagree, therefore, with Tissier and Martelly,® 
nlio claim that Proteus vulgaris exerts a putrefactive influence 
on pioteins When inoculated by them into Uschinskj^-Fraenkel 
medium contaimng blood fibrin the organism caused the medium 
to become clouded m twenty-four hours and, according to them, a 
fetid odor was given off in the course of two days The fibnn 
w'as attacked At the end of fifteen days the action seemed to 
be arrested On analysis they foimd indole, phenol, amines, leu- 
cine, acetic, formic, butync and valeriamc acids and hydrogen 
sulphide No mention is made of mercaptan or the aromatic 
oxy-acids In its action on proteoses the orgamsm produced the 
same products 

They succeeded in isolating an enzyme whiCh acts m neutral, 
alkaline or slightly acid solution, but which is much less active 
than that of the anaerobes studied They found P zenkeri 
associated with P vulgans m spontaneous putrefaction mixtures, 
but were unable to demonstrate the presence of a proteoljdic 
enzyme in cultures of P zenken This organism was unable 
to attack native proteins 

We have no comments to make on the question as to whether 
the action of P vulgans on the blood fibrin, as observed by Tissier 
and Martelly, was one of real putrefaction, in the sense that we 
use the term Their observations were made on a very limited 
number of strains of P vulgans, if indeed more than one On 
the other hand, at least eighteen different strains of the orgamsm 
were tested by us, and in every instance with negative results 

Basing his conclusions largely on the observations of Tissier 
and Martelly, Metchmkoff’' holds to the view that putrefaction 
may be induced by certain aerobes 

The putrefactive anaerobes and certain members of the pro- 
teus group are frequently associated with each other While 
they appear to be present but rarely in the normal intestines of 
man, they are foimd side by side in the spontaneous decomposi- 
tion of protein-contaimng substances, like meat, humus, etc The 
two groups assume different roles in the processes of disintegration 
of protein and m putrefaction Together with other orgamsms 
which are essentially aerobic, the P vulgans exerts an early dis- 

*' Tissier and Martelly Ann de I’ Inst Pasteur, \vi, p 865, 1902 

’’ Metchnikoff %hid , xxu, p 928, 1908 
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None of these substances with the possible exception of the 
imidazole nucleus have been demonstrated to be destroyed when 
introduced into the organism Dakin and Wakeman' have shoi\Ti 
by perfusion experiments with the liver that some shght decom- 
position of histidine, which contains the imidazole nucleus, may 
take place -with the formation of acetoacetic acid, but they con- 
clude that the effect is too shghtto formulate any promising hj'poth 
esis for the catabolism of histidine Feeding expenments with 
histidine^ leave the fate of this substance in the orgamsm m 
doubt The failure of these related compounds to expenence 
disintegration m metabolism renders the behavior of hydantom, 
a compound simpler than any of the others, of particular mterest 
From another viewpoint, the behavior of hydantom seems 
worthy of study Lusim^ working wuth alloxan and alloxantin 

NH— 


reached the conclusion that the grouping C = 0 functions to stim 


ulate and then inhibit nerve centers 
the ketone-hke group 


NH— 

It is, according to Lusim, 

^CO which has the stimulating propert} 

and an abundance of these groups increases the toxicity More 
recently Kleiner* was unable to confirm Lusim’s conclusions since 
barbituric acid, which Kleiner studied and which is non-toxic, 
contains the ketone group and differs little from the toxic sub- 
stance alloxan Inasmuch as hydantom also contains the alleged 
NH— 

! 

toxic group, CO , the question of its toxicity is of interest 


NH— 


The present paper deals with the behavior of hydantom and 


1 Dakin and Wakeman this Journal, p 499, 1912 
Abderhalden and Einbeck Zeilschr f physiol Cheni , Ixu, pp 322- , 
1909, Abderhalden, Einbeck and Schmid ihid , Ixviii, pp 395-99, 1910, Kov 
alevsky Btochem Zeitschr , xxiii, pp 1-4, 1910 

’ Lusim Ann di chim e di farmacol , xxi, pp 145-60, 241-57, xxii, PP 
341-51, 385-94, 1895, Chem Cenlralbl , i, p 1074, ii, p 838, 1895 
< Kleiner this Journal, xi, pp 443-70, 1912 
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the ethyl ester of hj’^dantoic acid, introduced in different wa3's 
into the orgarusm of various species The hydantoic acid ester 
was prepared from glj'cocoll ester hydrochloride and potassium 
cyanate, according to the method of Harries and Weiss ^ On 
evaporating the ester to drjmess with concentiated hydrochlonc 
acid, it IS converted to the liydantoin The latter is then purified 
bj’- recrystallwation from absolute alcohol 

NH— CO 

I 

NHi CO NH CHj COOCH 5 C=0 

I 

NH— CH 2 

Ethjl ester of hjdantoic acid Hydantom 

Aniljsis (Kjeldahl nitiogon determination) of the hydantom prepared 
gave the following result 

Calculated for 

CiHiNjOj Found 

N 28 00 per cent 27 88 per cent 

For the identification of the hydantom in the urine, use was 
made of the insoluble benzalhj dantoin The unne was acidified 
and evaporated to small volume on a water bath, decolonzed 
with ammal charcoal and evaporated to dryness The product 
was then condensed with benzaldehyde in the presence of glacial 
acetic acid, acetic anhydride and dried sodium acetate, as de- 
scribed by Wheeler and Hoffman ® For the identification of 
the ester, the urme was evaporated to dryness with concentrated 
hydrochloric acid to convert the ester into hydantom, and the 
benzal denvative was prepared as before 
The analytical procedures included the Kjeldahl-Gunmng meth- 
od for mtrogen and Folm’s methods for urea and creatimne 
Blanic experiments with hydantom showed that this substance is 
not attacked by Fohn’s urea method 

In the experiments with rabbits the bladder was emptied by 
pressure at the same hour daily The substances, when fed, were 
dissolved m water and introduced through a gastnc sound In 
the experiments with dogs the ammals were catheterized at reg- 

‘ Harries and Weiss Ber d deulsch chem Gesellsch , wxiu, p 3418, 1900 
' Wheeler and Hoffman Amer Chem Journ , \lv, p 368, 1911 
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ular twenty-four-hour intervals Here the substances fed ivere 
mixed with the food 


EXPEEIMENTS WITH HYDANTOIN 

Rabbit I Diet, 300 grams of carrots daily This was com- 
pletely consumed except on the day of the hydantoin administra- 
tion when the animal ate only 270 grams No toxic effects of 
any sort were noted The protocol follows 


Rabbil, weight, 181 gms 
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87 6 
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2 
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0 918 
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80 1 

0 168 


3 
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1 015 
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0 756 

84 0 

0 144 

fl 5 gm hydantoin 

4 
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1 026 

1 308 

0 738 

66 4 

0 670 

i =0 42gramN,in 

5 

220 

1 016 

0 696 

0 600 

86 4 

0 096 

[ traperitoneallj 

6 

205 

1 024 

0 690 

0 630 

90 1 

0 060 



About 0 3 gram of benzalhydantoin, after purification by re- 
crystalhzation from alcohol, was obtained from the urme of the 
fourth day The benzalh 5 'dantom isolated melted at 217° and 
when mixed with a pure synthetic sample did not alter the melting 
point of the latter 

No increase in the urea -i- ammoma mtrogen on the day of the 
injection was observed, although the increase in the elimmation 
of total nitrogen excreted accounted for all the nitrogen admin- 
istered as hydantoin This fact, together with the identification 
of hydantoin in the urine, indicates that hydantoin is unaltered 
in its passage through the body 

Another experiment with the same ammal a few days later, 
m which the same amount of hydantoin was admimstered fer os, 

gave similar results , 

Rabbit II Diet, 300 grams of carrots On the day on rv ic 



Howard B Lewis 


351 


the hydintom was fed, the ammal consumed the full daily ration 
No toMC symptoms of any sort were noted The protocol follows 


Rabbit, weight, t 64 kgmi 
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REMARKS 


0 114 
0 066 
0 066 
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0 096 


1 5 gm hydantoin 
= 0 42 gram N, 
per os 


From the urine of the experimental day a small amount of ben- 
zalhydantoin melting at 218° was obtained 
Dog A female was fed on a constant daily diet of 200 grams of 
lean meat, 50 grams of lard, 30 grams of sugar, 5 grams of bone 
ash, 2 grams of salt and 250 cc of water with a total mtrogen 
content of 6 84 grams The hydantoin was dissolved in the water 
of the diet The animal ate eagerly on the expenmental day as 
at other times 


Dog A, weight, 12 4 kgms 
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dantom = 
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From the urine of the experimental day 3 3 grams of benzal- 
hydantoin were obtained corresponding to 1 7 grams of hydantoin 
( = 0 476 gram N) m the day’s urine This was purified by solu- 
tion m potassium hydroxide and reprecipitation with acid 
Cat A cat weighing approximately 4 kgms received 3 grams 
of hydantoin mixed with raw meat The urine of the next twent}'- 
four hours was collected and examined for the presence of hydan- 
tom as above The benzalhydantoin obtained melted at 214° and 
aftei purification weighed 1 7 grams 

A nitiogen determination (Kjeldahl) on the mixed products 
obtained m this and the three preceding experiments gave the 
folloiving results 

Calculated for 

CioHsN Oi Founrl 

N 14 02 per cent 14 SO per cent 

In all our experiments the recovery of the administered hydan 
torn from the urine leaves no doubt as to its absorption The 
increase in the total nitrogen of the urine on the experimental 
day ulso points to the same conclusion In no case was the urea 
-h ammonia nitrogen output increased, the chfference betiveen 
the total and urea + ammoma nitrogen nearly alv ays approach- 
ing the value of the mtrogen admimstered as hydantoin In 
the rabbit II, there was observed a slight lag, part of the hydantoin 
probably being eliminated on the day after tlie administration 
No effect on the creatinine elimination was observed in the dog 
Hydantoin appears to be without influence on nitrogenous me- 
tabolism and is not destroyed or changed bv the oiganism No 

NH— 

I 

toxicity attributable to the group C = 0 as alleged by Lusini vas 

I 

NH— 

observed 


EXPERIMFNTS WITH ETHYL HVDANTOATE 

In order to ascertain whether the inability of the organism to 
break dov n hydantoin was due to the cychc structure, expenments 
were conducted until the eth}'! ester of hydantoic acid This 
acid is converted to hydantoin with the loss of a molecule of uater 
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^Ad beirs the sama rehtion to hydantom that creatine bears to 
creatinine 


NH CONHCH COOH 


H 3 clantoic acid 


NH— CO 


C = 0 


+ H!0 


NH— CHj 
H 3 dantoin 


Hydantoic acid may also be considered as a uramino acid, 
urammoacetic acid Koehne,’' working with the ethyl ester of the 
homologous urammoformic or allophamc acid, found that it dis- 
appeared in the body 

Rabbit 1 Diet, 300 grams of carrots daily On the exper- 
imental day the ammal showed no unusual S 3 anptoms and resumed 
eating immediately after the feeding of the ester The protocol 
follows 


Rabbit, weight, 1 7 hgms 
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f 2 gni hjdan- 

I toic acid es- 
ter = 0 3S 
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From the urine of the experimental day, benzalhj^dantoin was 
prepared in the usual manner An amount equivalent to 0 67 
gram of the ester (=013 gram N ) was obtained The ben- 
zalhydantoin melted at 218° and did not change the melting noint 
of the pure b 3 mthetic substance when mixed mth it A nitrogen 
(Kjeldahl) determination gave the follomng results 

Calculated for 

CioHjNjO: Found 

X 14 92 per cent 14 67 per cent 


Koehne Inaugural Dissertation, Rostock, 1S94, p 17 
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Behavior of Hydantom Derivatives 


Rabbit 2 Diet, 300 grams of carrots daily The animal ap- 
peared normal on the day of the injection and ate as usual 
The protocol follows 


Rahhil, weight, 1 5 Igms 
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From the urine of the experimental day a small amount of 
beaaalhydantoifi was prepared which melted at 217° and did not 
affect the meltmg point of the pure synthetic substance 
Rabbit S Diet, 300 grams of carrots and 30 grams of oats 

daily On the day of the injection only 270 grams of carrots were 

eaten No abnormal symptoms were noted 


Rabbit, weight, 8 34 hgms 
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From the urme of the experimental day benzalhydantom ivas 
prepared and purified by solution m potassium hydroxide an 
reprecipitation with acid It weighed 0 75 gram = 0 58 gram ester 
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m the day’s urine A nitrogen (Kjeldahl) determination gave 
the following results 

Calculated for 

CioH#NtOj Found 

N 14 92 per cent 14 8S per cent 

Dog A female received a standard daily diet (see experiments 
on hydantoin) The food -was eaten as usual on the experimental 
day 
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text 


On the seventh day the ammal received a second dose of 2 grams 
of the ester, but refused to eat all the food The ammal was 
stuffed, and some material was lost Hence the urine data on 
that day cannot be compared with those of the previous days 
Taken as an isolated experiment, however, the results of the seventh 
day show the important point that the urea + ammonia mtrogen 
does not maintain its fairly umform proportion as on other days 
but IS decreased, indicating excretion of mtrogen in some form 
other than urea 

Small amounts of benzalhydantoin were prepared from the 
urine of the experimental days The material was darker than 
that obtained in previous experiments and melted at 210-212° 
A mtrogen (Kjeldahl) determination gave the follouang results 

Calculated for 

CioHjNsOi Found 

N 14 92 per cent 14 41 per cent 
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Behavior of Hydantoin Derivatives 


These experiments all indicate that in the dog, and the rabbit 
the hydantoic acid ester is not affected by the metabohc processes 
of the body No marked increase of urea and ammoma mtrogen 
was observed A hydantoin derivative was always isolated from 
the urine, indicating the presence of the unaltered substance 
admimstered The creatinine output of the urine was not affected 
The very slight mcrease observed m the experiments, especially 
with rabbit 2, may be accounted for by the fact that the ester 
itself gives a slight color with Jaffa’s picric acid test as it is apphed 
in the colorimeter 


STODUARY 

1 After admimstration of hydantoin, the compound can be 
recovered from the unne in the form of an insoluble benzalhy- 
dantom This method is not quantitative, but serves to identify 
the material 

2 No toxic effects were observed to follow the adnumstration 
of hydantoin This is m opposition to Lusim’s theory of the 

NH— 

I 

toxicity of C = 0 groups 

I 

NH— 

3 Hydantoic acid, of which hydantom is the cyclic anhydnde, 
IS not destroyed in metabolism when it is admimstered as the ethyl 
ester, but can likewise be recovered by forming the insoluble ben- 
zalhydantoin 

4 The hydantoin nucleus is not destroyed m the organism of 
the cat, rabbit or dog 

These studies were imdertaken at the suggestion of Professor 
Lafayette B Mendel We desire to acknowledge our indebtedness 
to Professor Treat B Johnson for aid m the synthesis of the com- 
pounds employed 



THE RACEMIZATION OF PROTEINS AND THEIR DERIVA- 
TIVES RESULTING FROM TAUTOMERIC CHANGE 

PART I 
By H D DAKIN 

{From the Herter Laboratory, S19 Madison Avenue, New York ) 
(Received for publication October 21, 1912 ) 

The writer has shotvni that alkali salts derived from optically 
active hydantoins (III), prepared from active or-ammo-acids (I), 
undergo spontaneous racemization at room temperature, while 
the uramido acids (II), intermediate products in the preparation 
of the hydantoins, like the amino-acids themselves undergo no 


such change 



NH, 

1 

NH— CO— NH 

1 

NH— CO— NH 

1 1 

1 

R— CH— COOH 

1 

R— CH— COOH 

1 1 

R— CH CO 

I 

II 

III 


The racemization of the hydantom salts was ascribed to tauto- 
meric change of the keto-enol type, represented as follows 

NH— CO— NH NH— CO— NH 

I I ^ I I 

R— CH CO R— C COH 

The formation of salts of the enol type, even to a small extent, 
would necessarily be followed by racemization since the asym- 
metry of the a-carbon atom is abolished The view that racemiza- 
tion was due to the formation of salts of the enol type was further 
confirmed by the observation that d-methylethylhydantoin, 

NH— CO—NH 
CH, V 1 I 

CO 

c,h/ 

^ Amer Chem Journ 48,1910 

3S7 
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The Racemization of Proteins 


a substance in which no labile hydrogen atom is present, retained 
its optical activity mdefimtely under conditions which resulted 
m complete racemization in the case of hydantoin salts capable of 
keto-enol isomensm 

A consideration of the changes involved in the racemization of 
these ammo-acid denvatives led to the behef that similar trans- 
formations would be found to occur in the proteins and poljTiep- 
tides ^ For while salts of free amino-acids cannot exhibit keto- 
enol isomerism, the opposite may be true of certain of the groups 
in peptide structures The following formulae companng the 
hydantom and peptide groupings, make this clear 


NH— CO— NH 

I I 

R— CH CO 

n 

NH— CO— NH 

I I 

R— C - COH 

Hydantoin 


NH— CO— 

I 

R— CH— CO— NH— CHR— COOH 

it 

NH— CO— 

R— C==C(OH)— NH— CHR-COOH 
Peptide complex 


A consideration of the above formulae would indicate that, of 
the two ammo-acid groups present in the above peptide complex, 
only the one contaimng the — CH — CO — group could exhibit keto- 
enol tautomensm and hence racemization, while the terminal ammo- 
acid group contaimng a free carboxyl group would be unchanged 
This type of change apparently corresponds closely to what 
takes place when a protein is digested at low temperature with 
dilute alkali Kossel and Weiss have shown that proteins as 
widely different as gelatin and clupeme show a rapid decime m 
optical activity when digested at low temperatures with dilute 
alkah, but in no case is optical activity completely abolished 
Kossel and Weiss further show that on hydrolyzmg the racemized 
protanunes inactive argimne was obtained, while gelatin gave a 
vanety of products from which on hydrolysis inactive histidme, 
argimne, ormthme and some inactive lysine were obtamed ’ 

• The racemization changes described in this paper are all effected at 
low temperatures and have nothing m common with the racemization o 
ammo-acids, etc , at high temperatures when heated with caustic alK c 
’ Znischr f ■physiol Chem , lix, p 492, 1909, lx, p 311, 1909, Ixvm, p > 
1910 
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Kossel and Weiss regard the phenomenon essentially as one 
of protein racemization, somewhat complicated by simultaneous 
hydrolysis due to the action of the alkali Moreover, they came 
to the conclusion that certain ammo-acid groups, e g , argmme, 
undergo racemization much more readily when mtramolecularly 
bound than when free It will be noticed that these conclusions 
harmomze excellently with the writer’s hypothesis and, with Profes- 
sor Kossel’s permission, the writer is attempting to obtain further 
insight into the mechamsm of the action of alkali on proteins 
Preliminary experiments upon the action of dilute alkah on 
gelatin show that certain of the ammo-acid groups are readily 
and completely racemized, while others retain the optical activity 
ummpaired, while some appear to occupy an intermediate posi- 
tion 

The optical properties of some of the ammo-acids obtamed by 
hydrolyzing the products resulting from the action of caustic soda 
upon gelatin, are recorded below 

Four hundred gram portions of moist gelatin were dissolved m 
4 liters of water and then 200 cc of 33 per cent caustic soda added 
The imtial rotation was approximately —13 5° and sank to —6 28® 
alter twenty-four hours, —3 39 after four days and finally became 
practically constant at —2 32° after fifteen days The mixture 
contaimng ammoma, free ammo-acids, peptones and protein was 
completely hydrolyzed with acids and the mono-ammo-acids 
examined by Fischer’s ester method, while the bases were isolated 
by the methods of Kossel and Kutscher 

Glycine was separated as the ethyl ester hydrochlonde The 
glycine was, of course, inactive Yield, about 17 5 per cent 
Alamne was obtamed m the form of mixtures contaimng from 
25 to 60 per cent of the active form, the balance bemg mactive 
Although some racemization takes place during the separation of 
the alamne, the proportion of mactive substance is rather high 
and probably mdicates some racemization pnor to hydrolysis 
Leucine Large quantities (about 1 5 per cent) of pure mactive 
leucme were readily obtamed on recrystalhzmg the "leucine frac- 
tion ” 
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Analysis 0 1458 gram gave 0 2950 gram CO 3 and 0 1327 gram HjO 



0 1937 gram gave NHa = 0 0209 gram N 

Calculated for 


Found 

CiHiiOiN 

c 

55 2 

55 0 

H 

10 1 

9 9 

N 

10 8 

10 7 


All of the leucine that was obtained in a satisfactorily pure 
state was optically inactive in both aqueous and hydrochlonc acid 
solutions 

A portion of the inactive leucine was converted into a-uramido- 
isobutylacetic acid by means of potassium cyanate On recrystal- 
hzation from boiling water the substance was obtamed m the form 
of platelets, m p , 203°-204° 

The mother hquors from the leucine fractions contained some 
alamne and were feebly laevorotatory in aqueous solution and dex- 
trorotatory in hydrochlonc acid Other anuno-acids were appar 
ently present 

Proline A yield of prohne was obtamed about one-half larger 
than that recorded by Rscher, Plimmer and Levene Its rotation 
in aqueous solution indicated that it contamed about 21 per cent 
of the laevo variety Since proline is largely racemized in the 
process of isolation, it is probable that httle or no racemization 
occurred before hydrolysis 

The prohne was characterized by conversion into the copper 
salt and into the phenyl-hydantom 

Aspartic acid The aspartic acid isolated m the usual way was 
completely inactive The yield was 0 6 per cent No mdications 
were obtained of any active aspartic acid 

Glutamic acid was separated as hydrochloride Its rotation 
indicated that no racemization had occurred 


Rotation a = -f 3 92°, 1 = 2 dm , c = 6 56 



-f- 29 9° 


Phenylalanine was separated as hydrochloride A 2 per cent 
solution was completely inactive A yield of shghtly over 1 per 
cent was obtained, or more than twice that previously recorded 
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Analisis 0 1600 gram gave 0 3S45 gram CO 2 and 0 0986 gram HjO 

^ Calculated for 

Found CiHiiOjN 

c 65 5 65 5 

H 6 8 6 7 

Histidine was isolated by means of the phosphotungstate, silver 
compound and picrolonate A 3 5 per cent solution of the base 
dissolved m hj^drochlonc acid showed a doubtful rotation of —0 08° 
in a 1 dm tube Racemization was evidently practically complete 
Arginine was separated according to Kossel’s methods and was 
inactive The picrolonate melted at 241°-242° and contained 
25 4 per cent N (Theory = 25 6 ) 

Lysine and ormthme were precipitated as phosphotungstates 
after the removal of histidine and argimne The bases were 
converted into picrates and reciystalhzed from hot water The 
less soluble lysine picrate was readily obtained and on decom- 
position with hydrochloric acid, gave dextrorotatory lysine di- 
hydrochlonde 

Rotation a = + 2 60°, I = 2 dm , c = 9 5 
[at'=+13 7° 

Discussion of results The foregoing experiments show that 
gelatm, when digested with dilute alkah and subsequently hydro- 
lyzed with acids, yields mactive leucine, aspartic acid, argimne, 
histidme and phenylalamne, while prohne, glutamic acid and 
lysine are obtamed in the optically active forms together with part 
of the alanme It is certainly a striking fact that substances so 
closely alhed as aspartic and glutamic acids or lysine and argimne 
should exhibit such diametncally opposite behavior 

The mterpretation of these results is necessanly difficult But 
m view of the probabihty of racemization bemg due to keto-enol, 
tautomeric change taking place m alkahne solution, and since such 
racemization can only occur m ammo-acid groups in which the 
carboxyl group attached to the asymmetric carbon atom is in umon 
with other groups (see p 358), the inference appears probable that 
none of the carboxyl groups in leucme, aspartic acid, argimne, 
histidme or phenylalamne are free m gelatin On the other hand, 
since glutamic acid and lysme and possibly alanme are obtamed in 
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active forms, it is possible that some of their carboxyl groups may 
be free or, m other words, that they may occupy terminal positions 
m the peptide chains On the other hand, it is possible that these 
ammo-acids are rapidly liberated m the free state by the hydrol3rtic 
action of the alkah and so escape racemization Further work 
will be necessary to decide this point 
Since simple dipeptides contaimng a free ammo group 

R CH— CO— NH CHR COOH 

1 

NHj 

or peptides such as prolylglycine, apparently do not undergo ready 
racemization with dilute alkali it appears likely that the condi- 
tions necessary for racemization of an ammo-acid group require 
the attachment of other groups to both amino and carboxyl 
radicle 

In order to fully elucidate the mechamsm of the changes involved 
in the action of dilute alkah on proteins, much additional work is 
needed and it will be necessary to make experiments with peptides 
of known structure It would appear that the study may be of 
service in throwing some hght on the relative positions of some of 
the groups in protein and peptide complexes and, m addition, may 
furnish information as to the structure of protem salts The inves- 
tigation IS being contmued 



A NEW METHOD FOR THE (COLORIMETRIC) DETER- 
MINATION OF URIC ACm IN URINE 


By otto FOLIN akd A B MACALLUM, Jr 
(From the Biochemical Laboratory of the Harvard Medical School, Boston ) 

(Received for publication, October 26, 1912 ) 

In a previous number of this J oiirnaV- we pubhshed a prehminary 
paper on the color produced by the action of phosphotungstic 
acid on uric acid and certam other substances and we outhned a 
method for the determination of uric acid by means of that color 
reaction Inasmuch as the ordinary method for preparing phos- 
photimgstic acid solutions for this reaction (boihng 20 parts of 
sodium tungstate with 10 parts of 20 per cent phospbonc acid) gave 
reagents which had httle or no action on unc acid solutions, we 
began to suspect that the active mgredient was some impunty, 
vanable amounts of which might be present in the sodium tungstate 
The same impurity might have been present in molybdenum com- 
pounds smce phosphomolybdic acid also gave vanable and not 
very strong color reactions with unc acid A more systematic 
investigation’^ soon showed that the amount of active matenal 
contained m the phosphotungstic and phosphomolybdic acid 
solutions was determined by the conditions under which the solu- 
tions were prepared and was particularly dependent upon the pro- 
pdrtion of phosphonc acid used It was further found that rea- 
gents contaming phosphomolybdic acid reacted with all phenols 
as well as with uric acid while the phosphotungstic acid reagents 
gave the blue color only witb polyphenols and with unc acid 
This pomt of difference is of considerable importance m respect to 
a colonmetnc determination of uric acid in urme By usmg the 
phosphotungstic acid reagent the phenol reaction is in a large 
measure eliminated Our "unc acid reagent” accordmgly is a 

* This Journal, \i, p 265, 1912 

’ Folin and Denis this Journal, xii, p 239, 1912 
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phosphotungstic acid prepared by boihng 100 grams of sodium 
timgstate ■with 80 cc of 85 per cent phosphoric acid and 750 cc of 
water for a couple of hours and then diluting to 1 hter 

Since the publication of our first paper E Riegler has pubhshed a paper in 
the Zeiischnfl fUr analyltsche Cftemic* in which he describes a colomnetnc 
method for the determination of uric acid based on the use of phosphomo 
lybdic acid Although Riegler’s new method is quite different from ours, 
it would seem best to specifically call attention here to the fact that our 
first paper on the subject was published in the April number of this Journal 
and a second paper which appeared in the August number was received by 
the Editor of the Journal on June 29 Riegler’s paper appeared in the 
seventh and eighth double number of the above mentioned Zeitschrift which 
was evudently published some tune m June and did not reach us until July 
Riegler evidently has not made any particular study of the color reaction 
involved or of the conditions under which the maximum color can be ob 
tamed He uses phosphomolybdic acid for producing the blue color, and 
the amount of color which he obtains from a given quantity of unc acid is 
evidently not nearly as deep ns the color which we secure, since his standard 
color IS that given by I mgm of unc acid when diluted to 10 cc , while ours 
IS the same amount of uric acid diluted to 100 cc The color which we obtain 
with 1 mgm of unc acid by means of our reagent would be too dark to trans- 
mit any bght if diluted to only 10 cc Yet unlike Riegler 's reagent, ours 
gives no color with simple phenols or with protem matenals These advan 
tages are of course the result of our having prepared phosphotungstic acid 
reagents specifically with reference to their chromophonc value, while 
Riegler uses phosphomolybdic acid prepared for ordinary precipitating 
purposes 

In our earlier work we precipitated the unc acid m unne by a 
modification of Salkowski’s silver method (usmg silver sulphate in- 
stead of nitrate because mtrates mterfere ■with the color reaction) 
The precipitation, washmg, etc , was all done m centrifugal tubes 
and the final blue solutions were then rinsed mto volumetnc flasks 
and made up to volume before reading off the color 

After we had obtained a reagent which did not react with pro- 
tein matenals or other monophenol denvatives we hoped to be 
able to make the color directly on the unne without any preluni- 
nary treatment whatever The unc acid values so obtamed con- 
tinue however to be high as compared ■with the unc acid obtained 
by the older methods,^ and we were forced to recognize the fact 

’ Zeilschr f anal Chem , h, p 466, 1912 

* For exact figures mdicatmg the errors which would come m because 
these polyphenol denvatives, see column 4, p 369 
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pointed out long ago by Baumann that urines contain di- and poly- 
phenol acids m addition to the more abundant monophenol deriv- 
atives Having obtained a clear idea as to the probable nature of 
the substances which were responsible for the extra color produced 
by the uric acid reagent in urine, we have now worked out a new 
method for the determmation of unc acid which is materially 
simpler than the method outhned in our first paper 

This method is descnbed in some detail below 

From 2 to 5 cc of urine (the amount depending on the specific 
gravity) are measured into a 100 cc beaker and after addmg a drop 
of saturated oxahc acid solution the whole is evaporated to dry- 
ness on the water bath or over a hot iron plate or even over a free 
flame This evaporation takes only a few minutes, but it should be 
continued until the upper parts of the beaker are dry To the dry, 
cool residue are added 10-15 cc of a mixture consisting of 2 parts of 
pure, dry ether (t e , ether distilled over sodium) and 1 part of pure 
methyl alcohol After standing for about five minutes the solu- 
tion IS removed by careful decantation and another 10 cc of the 
alcohol-ether mixture are added to the residue, allowed to settle 
and decanted The alcohol-ether dissolves out the phenol acids 
and leaves the unc acid 

With regard to this treatment of the evaporated urme residue 
for the removal of other substances than unc acid which give a 
blue color with the reagent, ic should be said that two very shght 
sources of error are inherent in the process In the presence of 
considerable solid residues, soluble phenol acids, as, for example, 
tanmc acid, are not to be perfectly removed by the treatment 
outhned above Nor is unc acid absolutely insoluble m the orgamc 
solvent under the conditions of the expenment These two sources 
of error are however very shght mdeed and as they happen to 
influence the result in opposite directions they do not appreciably 
affect the analytical results For urme work ordmary 90 per cent 
ethyl alcohol might, as a matter of fact, be substituted for the 
ether-alcohol mixture recommended above but, smce we have satis- 
fied ourselves that unc acid is rather more soluble m it than in the 
ether-alcohol mixture, we prefer the latter 

To the washed residue m the bottom of the beaker is next added 
water (5-10 cc ) and a drop of saturated sodium carbonate solu- 
tion, and the mixture is shaken or stirred so as to secure complete 
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solution of the uric acid To the solution is finally added, first, 
2 cc of the uric acid reagent and then 20 cc of saturated sodium 
carbonate solution The resulting blue solution is transferred 
to a 100 cc measuring fiask, diluted with water up to the mark and 
the intensity of the color is determined by means of a Duboscq 
colorimeter The standard solution for comparison is obtained 
by treating 1 mgm of unc acid m lithium carbonate solution with 
5-10 cc of water, 2 cc of the unc acid reagent and 20 cc of sodium 
carbonate solution, and the whole made up to 100 cc in a volu- 
metric fiask 

The uric acid reagent and carbonate solution should he added 
as nearly simultaneously as practicable to both the unknown and 
the standard because the solutions obtained detenorate rather 
rapidly (sufiiciently rapidly for example to produce an unmistak- 
able difference m color in fifteen minutes) This deterioration is 
of no consequence to the result if the solutions are made at about 
the same time, for the known and the unknown will deteriorate 
at practically the same rate It is therefore perfectly feasible to 
make several uric acid determinations by the help of the same stand- 
ard solutions provided the unc acid reagent has been added to 
all of them at about the same time (t e , within three to five min- 
utes) . 

As stated above, the color obtained from 1 mgm of unc acid 
IS used as a standard Unfortunately uric acid solutions do not 
keep very well though when properly made they last for about a 
week, certainly for several days To obtain such stable unc acid 
solutions it IS necessary to add only just enough lithium carbonate 
to dissolve the unc acid in the course of about an hour A 0 4 
per cent hthium carbonate solution is very convement for the pur- 
pose Each cubic centimeter of such a solution dissolves 10 mgm 
of unc acid For a standard solution we therefore weigh out 250 
mgm of Kahlbaum’s uric acid, transfer it to a 250 cc volumetnc 
flask by means of 25-50 cc of water, then add 25 cc of the lithium 
carbonate solution and shake at intervals for an hour before dilut- 
ing with water 

The preparation of such a standard unc acid solution once a 
week IS not much of a task if m the course of that week a number 
of unc acid determinations are to be made A standard solution 
which remains rehable only for a week is however far from an idea 
standard 
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We hnve devoted a great deal of time trying to find a more per- 
manent standard, for it would manifestly be a great advantage to 
have it always on hand for occasional uric acid determinations 
Riegler adopted colored glasses for the purpose, but so far we 
have been unable to find any which are serviceable, because they 
transmit too much or too little light We have also investigated a 
large number of substances which give blue solutions, including 
the amhne dyes, but here again they are entirely too bnght to be 
satisfactory with the ordinary Duboscq colorimeter 

We have also experimented with a large number of substances 
(polyphenol denvatives) which give the blue color with the unc 
acid reagent but curiously enough nearly all give blue solutions 
which are less bright than the blue given by unc acid, besides 
having a more greenish shade 

It therefore seems almost hopeless to get any standard solution 
of keeping quahty capable of giving exactly the same color as that 
obtained with uric acid A good, though by no means ideal 
standard solution, was finally found m the uric acid reagent itself 
It was found that an excess of the reagent used with a minute 
quantity of unc acid gives the same color as is obtained when an 
excess of uric acid is added to a minute quantity of the unc acid 
reagent, and as the latter seems to keep indefinitely, a part of it 
can be set aside and standardized against a known uric acid solu- 
tion and will then be found to be very serviceable for occasional 
unc acid determinations 

When employed as a standard the unc acid reagent is used as 
follows A small pinch (a few milligrams ) of uric acid is thrown mto 
a 100 cc measuring flask and is dissolved by the addition of 20 cc 
of saturated sodium carbonate solution (No attention need be 
paid to the rapidity or completeness with which the unc acid dis- 
solves ) To this solution is then added 1 cc of the uric acid rea- 
gent or a corresponding quantity of a unc acid reagent previously 
diluted with water The blue solution is diluted to 100 cc and its 
color value is determined by companson with the color given by 
1 mgm of unc acid when treated m the usual manner mth an 
excess (2 cc ) of the unc acid reagent 

Setting the pnsm of the known unc acid solution at 2 — mm , it 
wiU be found that 1 cc of the reagent treated ivith an excess of 
unc acid as described will read somewhere between 9 and 12 mm 
Suppose it reads at the latter figure, then setting it at 12 when 
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UBing it as a standard for the determination of uric acid in an 
unknown solution or in unne is the same as using 1 mgm of unc 
acid and setting the standard at 20 To illustrate If an unknown 
unne against this new standard gave a color of the same intenaty 
as the standard named, it w'ould contain or 1 666+ mgm of 
unc acid in the volume of unne taken for analysis, if the unknown 
read 11 mm wuth the standard at 12, it ivould contain ^ or 1 82 
mgm of unc acid ® The chief drawback encountered m using the 
unc acid reagent as a standard is that the color produced fades 
more rapidly than the color produced w hen the reaction is made m 
the usual w'ay wnth an excess of the reagent It is therefore neces- 
sary to make the reaction as nearlj' simultaneously as possible 
in the unknowm and m the standard and then to read the color 
promptly, i e , within five minutes For each unknowm to be 
determined a fresh reaction must be made with the standard 
When a senes of unc acid determinations are to be made it is 
tfierefore rn most cases best to use unc acid ratfier than tie me 
acid reagent as a standard 

The unc acid values recorded below for twenty normal unnes 
show that the new' colonmetnc method gives substantially the 
same figures as are obtained by the Fohn-Shaffer modification of 
Hopkin’s method The figures given in the fourth column repre- 
sent the unc acid plus all other substances m urine which give a 
blue color wath our unc acid reagent As indicated m the table, 
w'e regard the'^e as being chiefly poly'phenols 

Since the reaction for unc acid which is here used as a basis 
for its determination is more delicate than any' other knowm reac- 
tion and IS perfectly' adaptable for quantitative work, it is clear 
that it ought to prove eminently suitable for the determination of 
such small quantities of unc acid as may exist m blood A new 
method for the determination of unc acid in blood, based on the 
principles outhned m this paper, wall be described in the next num- 
ber of this Journal 

‘ It doubtless will occur to some that it would be more convenient to dilute 
the uric acid reagent so that a suitable \ olutne should have the same chro- 
mophoric value as the solution obtained from 1 mgm of unc acid There 
IS howeier nothing to be gamed bj such a procedure It is just as easj to 
set the standard somewhere betw een 9 and 12 as at 20 Moreover, the more 
concentrated color corresponding to 1 cc of the uric acid reagent fades le'S 
rapidlj than do weaker solutions 
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VO 

FOUN-SHATTEn 

METHOD 

COLOBIMETRIC 

METHOD 

URIC ACID AND 
POLYPHENOLS 

SPECIFIC ORA\ ITY 
OF URINE 

1 

0 16 

0 19 

0 26 

1 012 

2 

0 49 

0 50 

0 59 

1 027 

3 

0 50 

0 49 

! 0 67 

1 1 027 

4 

0 41 

0 41 

! 0 60 

j 1 017 

5 

0 49 

0 49 

1 0 60 

1 027 

G 

0 59 

0 58 1 

, 0 81 

1 027 

7 

0 57 

0 56 1 

0 72 

1 030 

8 

0 41 

0 40 

0 54 

1 027 

9 

0 42 

0 41 I 

1 0 51 

1 027 

10 

0 41 

0 43 

0 54 

1 022 

11 

0 13 

0 16 1 

1 0 40 

1 012 

12 

0 36 

0 36 

1 0 52 

1 022 

13 

0 67 

0 67 

1 0 75 

1 027 

14 

0 28 

0 28 

0 45 

1 019 

15 

0 23 

0 23 

i 0 41 1 

1 018 

16 

0 31 

0 32 

[ 0 39 

1 021 

17 

0 78 

0 74 1 

! 0 87 1 

1 1 030 

18 

0 60 

0 62 j 

0 75 

1 029 

19 

0 74 

0 74 

1 01 

1 028 

20 

0 51 

0 50 1 

! 0 G3 

1 

1 1 025 

1 
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The introduction by Wiechowski^ of an accurate method for 
the determination of allantom led very qmckly to the recogmtion 
of that substance as a constant constituent of the unne of mammals, 
to be included vuth uric acid and the purine bases among the regu- 
lar products of endogenous purine metabohsm It appears practi- 
cally certain that m no mammalian urine is any one of these three 
stages in the progressive catabohsm of the purine nucleus entirely 
unrepresented As for the relative importance of each, it is found 
to vary with the species Some ammals excrete unc acid m greater 
abundance than purine bases,® while for others the reverse is true 
In most cases the role of these two fractions combined is greatly 
subordmate to that of allantom Thus m the dog* allantom ac- 
counts for 93 to 97 per cent of the total purine nitrogen eliminated, 
and a ratio of the same order has been established for the cat,® 
the rabbit,® the pig® and the coyote ’’ In another group of animals, 

* The experimental matter contained m this paper was presented m pari 
at the Joint Meeting of the American Society of Biological Chemists and the 
Biological Section of the American Chemical Society, Washington, Decern 
ber, 1911, and in part at the Eighth International Congress of Applied Chem 
istry. New York, September, 1912 

* Wiechowski Beitr z chem Physiol , xi, p 109, 190S 

’ This is known to be true for the horse (Schittenhelm and Bendix Zcilschr 
f physiol Chem , xlviii, p 140, 1906) and the pig (Scluttenholm and Bendix 
loc cit , Sohittenhebn Zcitschr f physiol Chem , Ixvi, p 53, 1910, Mendel 
and Lyman this Journal, viii, p 115,1910) 

* Wiechowski loc cil , Schittenhelm Zcitschr f physiol Chem Kii, p 
80, 1909, Hirokawa Biochem Zcitschr , xxvi, p 441, 1910 

Wiechowski loc cit 

‘ Schittenhelm loc cit 1910 

^ Hunter and Givens this Journal, viii, p 449, 1910 
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exemplified by the horse® (and as will appear, the monkey), the 
predominance of allantom is less pronounced One species, namely 
man, occupies m this respect an altogether exceptional position 
Human urine is characterized by its high content of uno acid, 
bases are present in relatively small amounts, while allantom has 
been detected in the merest traces ® 

It is natural to inquire whether the specific pecuhanties thus 
manifested permit of being systematized Particularly is one 
tempted to ask whether m this province similanties of physiological 
reaction correspond with genetic affinities and whether among tne 
variations encountered it is possible to trace any evolutionary 
sequence With the purpose of collecting data which may ulti 
matelj’' afford an answer to such questions we have undertaken the 
systematic examination of a number of mammalian unnes not 
hitherto studied from this point of view 
The present paper deals with one species only, but it is represen 
tative of a group to which a special mterest attaches, and it has 
been made the subject of rather more extended observation and 
expenment than lay m our onginal plan The apparently unique 
behavior of the human organism suggested an early attempt to 
ascertam the character of the punne-allantom excretion in man's 
nearest relatives Material from the higher apes we have not 
been fortunate enough to have at our disposal but about two years 
ago we were able to take up the problem in regard to the monkey 
It IS true that even at that time data on the subject were not alto- 
gether lacking Wiechow ski‘® had exammed one sample of monkey 

unne (species not stated), and had found it to contain as much as 
0 1 gram of allantom in 100 cc , unc acid was absent, purme bases 
were apparently not determmed To the general question m 
volved an important contribution had also been made by Wells 
In a study devoted particularly to the punne enzymes of the tis 
sues of Macacus rhesus he demonstrated that the hver of this 

* Wiechowski Biochem Zeitschr , xix, p 368, 1909 
’ Wiechowski loc cii , 1909 and Btochem Zeitschr , xxv, p 431, 1 i 
Schittenhelm and Wiener Zeitschr f physiol Chem , Ixui, P 283, i 
Ascher Biochem Zeitschr , xxvi, p 370, 1910, Fairhall and Hawk Jow 
Amer Chem Soc , xxxiv, p 546, 1912 
IK Wiechowski loc cil , 1908 
11 Wells this Journal, vii, p 171, 1910 
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monkey exhibits in vitro a high degree of uricolytic power In 
spite of this he was unable, either by the Wiechowski method or 
by the older one of Poduschka,*- to isolate allantom from the urine 
of the ammals employed At the most its presence was rendered 
probable TJnc acid was encountered on one occasion only, and 
was then ascribed to the effects of tuberculous disease The total 
punne excretion was exceedingly small 

Pubhshed observations on the point specially interesting us 
were, it is seen, not only few in number but rather imperfectly 
concordant, and we felt justified m pursmng the question inde- 
pendently In a first communication'® we confirmed Wiechowski 
as to the presence of allantom in monkey’s urine. Wells as to the 
smallness of the total punne output and both as to the normal 
absence of uric acid But the few analyses reported were made on 
mixed samples obtained at irregular intervals from two monkeys 
of different species They possessed therefore little more than a 
qualitative value We have since subjected one of the ammals 
to a senes of quantitative studies An abstract of our earlier 
results had already been published," when a fresh contnbution 
to the subject appeared from the pen of Wiechowski In this 
he states the conclusion, fully in accord with our own observations, 
that m monkeys the pnncipal end product of punne metabolism 
is allantom, while he reports m addition the extremely interesting 
discovery, that this substance is absent from the urine of the chim- 
panzee Although our program, as ongmally planned, is not yet 
completed, the appearance of Wiechowski's paper leads us to ren- 
der without further delay a detailed account of some of our expen- 
ments 

'' Poduschka Arch f exp Path , xliv, p 59, 1900 

n Hunter and Givens Proc Amer Soc Biol Chem , December, 1910, 
this Journal, ix, p xvi, 1911 

u Hunter and Givens Proc Amer Soc Biol Chem , December, 1911, 
this Journal, xi, p xxxix, 1912 Further data, some of which also are incor- 
porated in the present paper, formed the subject of another brief communi- 
cation see Orig Comm Eighth Intern Congr of Applied Chem , xix, p 149, 
September, 1912 This was already in print before we became aware of the 
existence of Wiechowski’s recent article 

1* Wiechowski Prager med Wochenschr , 1912, p 275 The original paper 
IS not within our reach, we quote from an abstract in Zentralbl f Bioehem 
u Biophys , xiu, p 661, September, 1912 
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SUBJECT AND METHODS 

The subject was an adult female “guenon” monkey {Cercojnthecut 
calhinchus),^^ ■neighing 4 7 to 4 8 kgm , of very active habit and 
h\ ely though uncertain temper When under observation it ivaa 
confined in a metabolism cage of the ordinary type and was mam- 
tamed upon a diet limited to milk, peanuts and bananas, with the 
occasional addition of some common salt Water, as a separate 
item, was neither given nor apparently desired 

We hoped at first to be able to maintain the ammal in umn 
terrupted mtrogenous equihbnum, but the rather capncious nature 
of its appetite forced us to abandon the attempt The diet was at 
least adequate, the bodj •weight increased rather than dimin 
ished during the experiments and except possibly towards the end 
of the second period of confinement the monkey was in perfect 
condition 

The oral administration of sodium nucleate and of allantom was 
effected by dissolving them in the minim um amount of water and 
adding the solution to the mormng draught of milk Dunngtbe 
day successive portions of the milk ration were offered m the same 
polished mckel dish, quantitative ingestion of the aose was thus 
m every case assured The subcutaneous injections were made 
from an elevatqd burette into the loose tissue round the loins 
They produced no perceptible local or general effects 

The unne was collected in forty-eight-hour fienods The temper 
of the ammal made the use of the catheter out of the queshon 
Fortunatelj’’ she could be induced to micturate at any time by trans- 
femng her from one cage to another, and by takmg advantage of 
this it was possible to dehmit each penod’s excretion "With an error 
of less than twenty minutes As the unne was frequently alkahne 
w'hen passed, it was received in a flask contaimng acetic acid 
Putrefaction was prevented by the liberal use of thymol Each 
sample, as collected, was made up along ■with the cage washmgs 

The species was identified for us by Dr H D Eeed of the Department 
of Vertebrate Zoologj m this Uiu\ersity To Dr Reed we desire to ta e 
this opportumtj of e-mressing our indebtedness for the service 

On a few occasions after the administration of sodium nucleate “P® 
of the last portion of milk for the daj was refused This was h} 

•with 5 per cent sulphunc acid and tested for purines by the method of Krug 
and Schmid Xo punnes were ever detected 
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to a round volume of 1000 cc AH the analyses were commenced 
immediately 

Unc acid and piinne bases were determined m a 400 cc portion 
The method employed was that of Kruger and Schmidts with these 
variations, that the use of Mn 02 was omitted, that the filtrate and 
washings from unc acid (when present) were not allowed to e\ceed 
25 cc and that the correction for solubility of uric acid was not 
applied It follows that the figures under “purine bases” may, in 
the reported absence of unc acid, and do, in its presence, include a 
trace of the latter The error involved is not greater than 1 mgm 
for each two-day penod 

AUantoin was estimated by the method of Wiechowski Its 
application to the urine of our monkey proved to be not altogether 
a simple matter In fact in the first form descnbed by its author 
it yielded us no allantoin whatever The difficulty lay, as after- 
wards appeared, partly in the small amount of allantoin actually 
excreted — less than 0 05 gram daily — and partly in the presence 
of substances which to all the precipitants employed reacted exactly 
like allantoin itself These obstacles were finally overcome by a 
procedure essentially the same as that employed by Wiechowski 
with human unne 

Two-fifths (400 cc ) of each urine sample, acidified with sulphunc acidi 
was treated with the requisite amount (about 15 cc ) of 50 per cent phospho- 
tungstic acid The phosphotungstates were separated on a kieselguhr 
filter The filtrate was neutralized with sodium hydroxide and treated, 
after the usual routine, first with 20 per cent basic lead acetate and then with 
a saturated solution of acetate of silver Every precipitate, especially the 
very heavy lead one, was thoroughly washed with cold water and the wash- 
ings were added to the filtrate The final bulk of the liquid was conse- 
quently very considerable (about 1200 cc ) It was carefully neutralized 
with sodium hydroxide and subjected to a partial precipitation with 20 
per cent mercuric nitrate 8 cc of this reagent were all that were required 
to completely precipitate the allantoin, 5 cc of the filtrate invanably gave 
an immediate reaction wath one drop of a 0 1 per cent solution of allantom 


Kruger and Schmid Zeilschr f physiol Chem , xlv, p 1, 1905 
Wiechowski loc at , 1909 

The kieselguhr filter recommended by Wiechowski was employed not 
only here, but also in filtering the lerj fine silver precipitate of a later stage 
of the process It proved to be in these and many other situations exceed- 
ingly efficient for the retention of fine suspensions, but we are not without 
suspicion that its use was at least partly responsible for the ash content of 
our allantoin (see later) 
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In two of these (numbers 38 and 41) the effect of feeding sodium 
nucleate during the preceding forty-eight hours may still be traced 
For five others the record is imperfect There remain twenty- 
three “normal” periods, which, since the regular diet could have 
contained no appreciable quantity either of punnes or of allan- 
tom, may be taken to represent the endogenous excretion of the 
substances we are considering 


TABLE 1 


PERIOD 


ALLANTOm 

N IN per 

CENT OP TO- 
TAL PtlRINE- 
ALLANTOIN 

N 

REUABE5 

Total 




Total 

purlno- 

allan- 

tolnN 

1 

3 59 


none 

0 009 




2 

3 81 

0 031 

none 

0 009 

0 040 

78 


3 

3 64 

0 031 

none 





4 

*3 09 

0 045 

none 

0 009 

0 054 

83 

0 5 gram sodium nucleate 








per os 

5 

3 18 

0 027 

none 

0 008 

0 035 

77 


6 

3 59 

0 047 

trace 

0 007 

0 054 

87 

0 5 gram sodium nucleate 








per os 

7 

*3 41 

0 029 

none 

0 010 

0 039 

74 


8 

*3 28 

0 056 

none 

0 010 

0 066 

85 

1 0 gram sodium nucleate 








per os 

9 

3 28 

0 029 

none 

0 009 

0 038 

76 


10 

3 56 

0 043 

none 

0 013 

0 05d 

77 

1 0 gram sodium nucleate 








per os 

11 

3 44 

0 032 

none 

0 010 

0 042 

76 


12 

3 78 

0 065 

o 

o 

o 

0 011 

0 080 

81 

2 0 gram sodium nucleate 








per os 

13 

3 43 

0 029 

none 

0 012 

0 041 

71 


14 

3 52 

0 029 

none 

0 010 

0 039 

74 




• nations not entirely consumed 


The average excretion of punne nitrogen by the feces was for periods 
1-3, 0 029, 4-6, 0 028, 7-10, 0 022, and 11-14, 0 025 gram 

The total punne-allanUnn output for these penods is a nearly 
constant quantity Expressed in terms of mtrogen, it hes on 
but five occasions between the narrow limits of 38 and 42 mg® 
and it has an average value over all of 39, or, m twenty-four hoiiiSi 
19 5 mgm This is a httle more than 1 per cent of the total m r^ 
gen excretion The endogenous purine metabolism of the mo e 
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TABLE II 


] CB\M8 NITROOEN IN 48 HOURS | A1.LANTOIN 


0 

o 

5 

u 

ei< 

Total 

Allantoln 

Uric 

acid 

Purlno 

bases 

Total 
purine* 
allan- 
loln N 

N IN PER 
CENT OP TO- 
TAL PURINE- 
ALLiNTOIN 

N 

REMARKS 

15 

16 

3 39 

3 50 

0 030 

none 

none 

0 010 
0 010 

0 040 

75 


17 

3 60 

0 027 

none 

0 oil 

0 038 

71 


18 

3 47 

0 030 

none 

0 oil 

0 041 

73 


19 

3 64 

0 030 

none 

0 oil 

0 041 

73 


20 

3 74 

0 031 

none 

0 oil 

0 042 

74 


21 

*3 29 

0 030 

none 

0 010 

0 040 

75 


22 

*3 30 

0 028 

none 

0 oil 

0 039 

72 

0 1295 gram allantom 

23 

3 44 

0 029 

none 

0 oil 

0 040 

73 

per os 

24 

3 52 

0 042 

none 

0 010 

0 052 

81 

0 2765 gram allantom 

25 

3 51 

0 028 

none 

0 012 

0 040 

70 

per os 

26 

3 71 

0 050 

none 

0 012 

0 062 

81 

0 2718 gram allantom 

27 

*3 45 

0 027 

none 

0 010 

0 037 

73 

per os 

28 

*3 37 

0 089 

none 

0 010 

0 099 

90 

0 1988 gram allantom 

29 

*3 15 

0 024 

none 

0 009 

0 033 

73 

subcutaneously 

30 

3 41 

0 029 

none 

0 007 

0 036] 

81 


31 

*3 28 

0 054 

none 

0 oil 

0 065 

83 

0 0946 gram allantom 

32 

*3 15 

0 029 

none 

0 012 

0 041 

71 

subcutaneously 

33 

*3 50 

0 025 

none 

0 014 

0 039 

64 


34 

*3 42 

0 054 

none 

0 013 

0 067 

81 

0 0963 gram allantom 

35 

*2 89 

0 027 

none 

0 012 

0 039 

69 

subcutaneously 

36 

*2 69 

0 026 

none 

0 012 

0 03^ 

68 

Diarrhoea 

37 

*3 53 

0 035 

0 004 

0 oil 

0 050 

70 

2 0 grams sodium nu- 

38 

*3 42 

0 024 

trace 

0 012 

0 036 

67 

cleate per os 

39 

3 60 

0 020 

none 

0 010 

0 030 

67 


40 

3 75 

0 045 

0 004 

0 013 

0 062 

73 

2 0 grams sodium nu- 

41 

‘3 40 

0 025 

0 001 

0 012 

0 038 

66 

cleate per os 

42 

*3 20 

t(0 019) 

none 

0 014 





• Rations not entirely consumed ^ . j 

tThe allantoln determination of tlila period was lost. The figure given was obtained on 
period 43 


Average excretion of purine nitrogen by the feces for periods 15-*’^ 
22-36, 0 Oil, 37-42, 0 011 gram 
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IS evidently pitched upon a comparatively low level It happens 
that we can compare our subject in this respect with a dog of 
identical weight (4 7 kgm ) , this animal, as reported by Hirokaiva,^ 
on a diet all but free from punnes and excreting 1 64 grams of 
total unnary mtrogen, eliminated daily 0 159 gram of punne + 
allantom nitrogen This is eight times as much as the monkey 
Unc and could be detected in none of the “normal” unnes, if 
this does not positively prove its absence, it shows at least that 
any quantity actually eliminated must have been excessivelj 
minute 

Purine bases on the other hand are excreted regularly in rela- 
tively considerable amount The mtrogen present in this form 
vanes between 7 and 14 mgm Each extreme is an exceptional 
figure, on the whole the punne base excretion exhibits great regular- 
ity, seventeen of our tventy-three normal values lying between 
10 and 12 mgm The average of all is 10 5 (daily, 5 25) mgm of 
nitrogen The monkey, it appears, is one of the few ammals 
knowm to excrete punne bases m greater quantity than unc acid 
For endogenous allantoin the low est mtrogen value recorded is 
20 mgm , the highest, 32 Here again a much greater approach 
to constancy is made than these isolated figures would indicate 
There is reason to believe that the mimmum (penod 39) was 
reached as an indirect result of previous feedmg with sodium nucle- 
ate, the two nearest to it are 24 and 25 (penods 29 and 33), and 
even these are in all probabihty similarly related to the allantom 
injections Be this as it may, there are eighteen penods for 
which the allantom mtrogen falls between 27 and 31 mgm The 
average of the whole twenty-three is 28 If for the reasons stated 
we neglect the three lowest, the average is 29 This means a daily 
excretion of 14 5, the eqmvalent of 0 041 gram of allantom 
These perfectly consistent results confirm and are confirmed by 
the reports of Wiechowski upon what were doubtless other specif 
of monkey They are entirely m line with the demonstration J 
"Wells of the uncoljdic capacity of the Macacus hver T ej 
afford no evidence whatever of an approach to the human type- 
From the pomt of view of endogenous punne metabolism, ® 
monkey decidedly ranks with the lower mammals Yet the unn 

“ Hirokawa loe cii 

*1 See the second last paragraph of this paper 
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ary picture presents peculiarities A reference to the seventh 
column of Tables I and II shows that the share taken by allantoin 
in the sum of purine derivatives is not precisely that which is typical 
of the majority of ammals The figure expressing it — what we 
may call the "allantoin ratio” — may in “normal” periods be as low 
as 64 or as high as 81 per cent but it generally remains somewhere 
between 70 and 78 It never attains the high values recorded for 
species so divergent as the dog and the pig On the average only 
73 per cent of the total mtrogen of endogenous punne ongin takes 
the form of allantoin, as much as 27 per cent is left for the purine 
fraction This state of affairs resembles the condition found by 
Wiechowski to be characteristic for the horse, here the “allantoin 
ratio” was in one case 50, m another 79 Curiously enough the 
urine of this ammal presents another similarity to the monkey’s 
in the great preponderance of purine bases over uric acid Accord- 
ing to a few analyses of sheep’s unne made m this laboratory — 
upon which, however, we do not at present place too much reh- 
ance^® — ^the “allantoin ratio” of this ammal also is rather low whole 
its punne fraction is about equally divided between the bases and 
uric acid A full explanation of these interesting relations is not 
yet possible 

The fate of sodium nucleate and allantoin in the organism 
of the monkey 

We have thus far taken for granted that in the punne metab- 
olism of our monkey no other products actually anse than those 
considered It seemed to us desirable to test the vahdity of this 
assumption The widely held conviction that man, m regard to 
this very point, offers a notable contrast to the lower mammals, 
would add a special interest to the outcome of such a test In 
pursuance of this idea we attempted, in the first place, to ascertain 
the fate of sodium nucleate admimstered by the mouth 

“ Wiechowski loc cit , 1909 Wiechowski did not determine the purme 
base content of his horse urines If this were as high as Schittenhehn and 
Bendix (foe cit ) found it in other samples, the allantom ratio m our sense 
would be lower still 

They were made upon the unne of thjTTOidectomized sheep, and may 
therefore represent ratios that are pathological They will be published 
later in another connection 
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The sodium nucleate used was obtained from Merck It contained in the 
air-dned state 13 99 per cent of nitrogen Its punne content ivaa deter 
mined by twice repeated precipitation with copper sulphate and sodium 
bisulphite after hydrolysis with 3 per cent sulphuric acid, duplicate analyses 
gave 8 67 and 8 69, average, 8 68 per cent of punne mtrogen 

The quantity admamstered was so chosen as to be not altogether out of 
proportion with the extent of the endogenous metabolism The smallest 
dose contained rather less punne-ring nitrogen than the combined allantoin 
and punnes of the normal urine and the largest not four tunes this amount 
Bigger ones, it was feared, might bv bringing about of themselves an abnor 
mal condition defeat the very object of their administration Certain 
experiments of Hirokawa, in which the natural relation between unc acid 
and allantoin was altered by repented administration of sodium nucleate,” 
afford evidence that this is a consideration to be borne in mind Indeed 
our own maximal dose, small as it was in comparison, was not always with 
out perceptible after-effect upon the regular endogenous metabolism ” 

In Tables I and II there are recorded seven expenments with 
sodium nucleate Inspection of the data for fecal punnes makes 
it almost certain that absorption was in every case complete An 
increase of unnary allantoin follows every dose After the larger 
ones unc acid also is excreted m measurable amounts An effect 
upon the punne bases might, to judge from their share m the endog- 
enous excretion, have reasonably been expected but none is with 
certainty discermble, a slight nse in this fraction does sometimes 
(penods 10 and 40) take place but at other times there is a fall and 
the nse is paralleled on other occasions (for example 33 and 42) 
quite unconnected with nucleate feeding The net result upon the 
“allantoin ratio” is to raise it somewhat above its earher level 
Forty-eight hours generally suffices for the complete elimination of 
the catabohe products But on two occasions (38 and 41) the excre- 
tion of unc acid undoubtedly stretched into the succeeding period, 
and one may with probabihty assume that a portion of the allan 
tom accompanymg it was likewise denved from the exogenous 
source This mdicates for the monkey, as compared with the dog, 
a rather slow rate either of absorption or of elimination 

The expenments, as was to be expected, reveal allantoin as an 
important product of the exogenous as well as the endogenous 
metabolism of punnes They yield in addition positive 
of the appearance of unc acid as its precursor In their quan 

Hirokawa loc cit 

This IS discussed in the last paragraph but one of the paper 
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tive aspects they are not so satisfactory In Table III the results 
are so arranged as to show what fraction of the punne nitrogen fed 
was actually accounted for ' 

As the norm from which to estimate the actual increase of allantoin in 
any given experiment we have taken the mean between the output of the 
period immediately preceding and that of the earliest subsequent period in 
which no exogenous excretion is detectable (The latter, as we have noted, 
IS generally the period immediately after the experimental one but some- 
times the next again ) The intake is measured as four-fifths of the total 
purine mtrogen admimstered, that fraction only being contained m the 
purine ring and available for transformation into uric acid or allantoin 

We recover, m ascertained combinations, with small doses about 
half,^^ sometimes as httle as an eighth with larger ones, and as the 


TABLE III 


rritioD 1 

PURINE-RiNO 
N FED 

j MOM OF NrrROQFN RECOVERED | 

PERCENTAOE 

RECOVERT 

1 1 
1 As uric acid 

1 

As allantoin 

1 

Total 

4 

35 

1 0 

16 

16 

46 

6 

35 

i trace 

19 

19 

54 

8 

70 

0 

27 

27 

39 

10 

70 

0 

12 

12 

17 

12 

140 

1 4 

35 

39 

28 

37 

140 

1 4 

13 

17 

12 

40 

140 

1 5 

30 

35 

25 


average of all only 32 per cent In face of the almost certainly 
complete absorption of the nucleate, how is the deficit to be ex- 
plained'’ Perhaps the first possibility that suggests itself is that 
allantoin may be no end product, but liable itself to catabolic 
changes It is true that metabohc processes do not often exhibit 
the irregularity that would then seem to characterize the destruc- 
tion of allantoin Nevertheless we felt bound to submit the possi- 
bilitj’’ to the test of experiment On three occasions allantoin was 
administered by mouth, on three others, by subcutaneous injection 
The same principles as before were applied to the selection of doses 

In an earlier report already referred to (Hunter and Givens loc cil , 
1912) we alleged a recoverj , after the first dose, of 90 per cent, this state 
ment involved, as we have since discovered, a gross error in calculation 



384 Metabolism of Purines in the Monkey 


and to the interpretation of the data obtained The results are 
brought together in Table W 

Betiveen the two sets of allantom experiments with their almost 
directly contradictory results we have no hesitation in selecting 
the inj actions as the decisive ones In these alone are w e absolute!)' 
certain that the substance entered unaltered into the organism, 
and it IS the fate of allantom Avithm the organism, and that only, 
that concerns us It has been objected to the parenteral modes 
of administration that they maj' induce disturbances of general 
metabolism so profound as to obscure the true interpretation of 
results The objection is doubtless m many cases sufficient!} 
well grounded, but in the present one no greater disturbance waa 
noticed than might have been produced by the injection of so 

TABiE rv 


Mn.LianAiis allavtoiv N 


PEniOD 

1 

METHOD 

1 

Administered J 

1 

Recovered | 

1 PEBCEVTAOE 
' RECOVXBT 

[ 

22 

, ! 

oral j 

45 8 j 

0 i 

0 

24 

1 oral 1 

98 0 1 

13 

13 

26 

1 oral 

96 3 

22 1 

22 

28 

j subcutaneous 1 

70 4 

63 , 

90 

31 

1 subcutaneous I 

33 5 

25 

75 

34 

1 subcutaneous | 

34 1 

28 ; 

82 


much water The feeding experiments on the other hand are 
attended by numerous uncertainties The warmth and alkaline 
reaction of the intestinal contents are of themselves likely, accord 
mg to "Wiechowski,^^ to bnng about the rapid destruction of allan 
tom Add to this the slight solubility of the substance and the 
possible action of bactena, and it would not be at all surpnsing 1 
none of the first small dose we gave had ever reached the bloo 
stream It is to such factors that w'e incline at present to attnbute 
the poor recovery of ingested allantom 

However this may be, the results of the injection experimen t 
are perfectly definite Small doses of allantom, subcutaneously 
introduced, are recoverable from the unne of the next fortv-eig 

Cf Schittenhelm loc cii , 1909 
tViechowski loc cit , 1910 
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hours almost as completely as if they had been directly dissolved 
therein It seems impossible to escape from the conclusion that, 
if the monkej tissues possess any capacity at all for the destruc- 
tion of allantoin, it is so poorly developed as to have but little 
practical significance 

The results of our allantoin experiments vith the monkey are paralleled 
bj those reported upon other species After ingestion there have been 
recovered widely varying, often very low, proportions in the dog, 70 (Min- 
kowskp ), 90 (Poduschka’’) and 31 per cent (Levene and Medigreceanu’^) , 
in the pig, nearlj 100 (Schittenhelm“) , in man, 17 (MinkowskP'), 30-50 
(Poduschka”), 34 (WiechowskP*) and 30-38 per cent (Schittenhelm and Wie- 
ner”) Subcutaneous administration has been seldom employed once 
by Schittenhelm” on the pig with quantitative recovery and thrice by 
Wiechowski” on man with 3 lelds up to 88 per cent * 

Most wnters are m fact at one m regarding allantoin as a 
terminal and not merely an intermediary product of metabohsm 
Our contribution to the question serves but to emphasize the cor- 
rectness of this view To explain the deficit of our sodium nucle- 
ate expenments we must look then to other factors than allantoin 
destruction What these actuall}- are, it is as yet impossible to 
say But there are certain considerations, which appear to us to 
suggest the direction in which they are to be sought 

There is among recent investigators a pretty general agreement 
that, when nucleic acid is fed to an animal like the dog, its constit- 
uent purines can be quantitatively accounted for (or nearly so) by 
the excess of allantoin, unc acid and bases eliminated during the 

‘ Minkowski Arch f exp Path , xli, p 375, 1898 
Poduschka loc cit 
Levene and Medigreceanu loc cit 
Schittenhelm loc ext , 1910 
’'Minkowski loc ext 
” Poduschka loc ext 

” Wiechowski Arch f exp Path , lx, p 185, 1909 
” Schittenhelm and Wiener loc ext 
” Schittenhelm loc ext , 1910 
'’Wiechowski Arch f exp Path , 1\, p 185, 1909 
“ Schittenhelm and Seisser (Zextschr f exp Path , vu, p IIC, 1909) 
injected allantoin intravenously into the rabbit Onb an abstract of their 
paper IS available (Bxochem Zentralbl i\, p 746) and the quantitative de- 
tails are not there given The above list includes, ve belieie, all other ex- 
periments in ivhich the recover3 n as quantitativeb determined 
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next twenty-four hours Schittenhelm/^ for example, reports 
recovenes of 88-102, Hirokawa,"^ of 72-88 per cent We may 
therefore take it as demonstrated that in the dog no other products 
of purine catabolism need be looked for It appears at least 
equally well established that man, after the ingestion and un- 
doubted absorption of nucleate of sodium, excretes as unc acid 
only a fraction (according to the particularly careful expenments 
of Frank and Schittenhelm^® from 5 to 41 per cent) of the purine 
intake, while no perceptible increase of the insigmficant allantom 
output assists in making good the deficit 
A vehement controversy centers round the explanation of this 
difference in behavior According to what is probably at present 
the prevaihng view,^^ unc acid is m man, as much as in the lower 
animals, an intermediary product only, and its destruction is 
accomplished m his case by a pecuhar type of uricolysis leading 
not to or even through allantom, but, by steps not yet elucidated, 
to urea Another school of opinion denies to human tissues every 
kind of uncolytic power, regards unc acid therefore as a termma! 
product, and attnbutes the observed deficit after nucleate feeding 
to destruction of the punne nng before absorption 

We do not propose to enter here into the merits of this contro- 
versy What IS of interest to us is that in response to the enteral 
administration of sodium nucleate the monkey reacted, not like 
the ammal with which its high allantom excretion would associate 
it, but like man It is hardly likely that we are dealing here with 
two unrelated processes leading to the same exceptional result 
It may be assumed with greater probability that that theory 0 
the fate of ingested nucleic acid which is ultimately found to ho 
good for the human ammal will equally fit the monkey If I ® 
expenmental facts require us to postulate for the former a partic 
ular kind of uncolytic enzyme, that enzyme is probably active m 
the latter also We should be led, then, to the unexpected con 

Schittenhelm loc cit , 1909 

Hirokawa loc cil jogj 

Frank and Schittenhelm Zeilschr f physiol Chem , Ixiu, p ' 

** Schittenhelm and Wiener loc cil jnjo 

Cf Brugsch and Schittenhelm Der Nucleinstofwechsel, Jenai 
pp 41-45, where the literature of the controversy vill be found , ^ ^^5 

“ See the papers of Wiechowski already cited, also Sndn Arc 

Physiol , cxlv, p 283, 1912 
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elusion that the monkey disposes of intermediary punnes by two 
independent mechamsms the one peculiar to the lower mammals 
and leading to allantom, the other ending m urea and encountered 
m no other species save man This, if true, would be a striking 
illustration of the monkey’s philogenetic relations, but it hardly 
bears the stamp of probability It is easier to beheve that the 
undeniable destruction of purine nuclei, which we observed, was 
really accomplished in the monkey’s intestine before absorption 
had taken place If this happens in the monkey’s intestine, it 
may also happen m man’s, and while our experiments have no 
direct bearing on the problems of human metabohsm, we think that 
they afford some indirect evidence against the assumption of an 
extensive uncolysis in the human organism 

One cunous circumstance deserves perhaps more particular 
notice than we have yet bestowed upon it If the data of Table I 
be reviewed, it will be observed that m no case there recorded 
does the admimstration of sodium nucleate produce any effect 
other than the immediate one of an increase in the total purine 
metabohsm There is after every dose a prompt return to the 
same "normal” level of allantom excretion It is otherwise with 
the experiments of Table II Here may be noted from period 27 
onwards an almost umnterrupted sinking of the "normal” figures 
for allantom Each rise of the output, whether resulting from allan- 
toin injection or from nucleate feeding, is followed, more or less 
immediately, by a fall below the previous standard Most stak- 
ing are the drop from 27 to 24 mgm after the first allantom injec- 
tion, from 29 to 25 after the second and from 26 to 20 after the first 
dose of nucleate The summation of these effects brings the allan- 
tom nitrogen finally down to two-thirds of its original value This 
phenomenon, in relation at least to nucleate feeding, has already 
been noticed by Schittenhelm in experiments upon the dog and the 
pig Our observation, that it may follow simple allantom injec- 
tions, suggests that m both cases it is the temporarj’’ excess of cir- 

It may be worth recording that we determmed regularly during this 
senes the excretion of ammonia and creatinine and that these exhibited no 
single departure from a very narrow range of values, the ammonia nitrogen 
vaned between 0 039 and 0 049 gram, creatinine nitrogen between 0 123 and 
0 134, nucleate administration having no perceptible effect upon either 

Schittenhelm loc cit , 1909 and 1910 

THE JOUBVAL OF BIOLOGICAL CBEMI5TBT 1 OL XIII NO 3 
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culating allantoin that m some way is responsible But the same 
remarkable after-effect has been seen to follow the administration 
of histidine hydrochloride, which has no relation at all to the pro 
duction of allantoin The exact significance of the lowered out- 
put remains obscure It was not accompamed m the monkey by 
any uniform variation of the punne base excretion 

SUMMARY 

In the unne of the guenon monkey (Cercopitheciis) allantoin 
accounts for about 73 per cent of the mtrogen ansing from the 
catabolism of endogenous punnes The remainder appears princi- 
jially as purine bases, uric acid being practically absent when the 
diet IS purme-free The allantoin is a true end product When 
purines are ingested in the form of sodium nucleate, the allantoin 
output is increased and uric acid may appear as an intermediate 
product Only 12 to 54 per cent of the total punne intake is 
thus accounted for The deficit is probably the result of decompo- 
sition prior to absorption There is no evidence m this monkey of 
an approach to the human type of nuclein metabolism 

(Experiments upon the fate of indiandual punnes in the monkey 
organism are now in progress, and ■mil be reported upon in a later 
communication 1 


322 

" See Abderhalden and Einbeck Zeilschr f physiol 
1909, and Abderhalden, Einbeck and Schmid ibid , Ixviii, p 3" > 



ABSORPTION FROM THE STOMACH~A REPLY TO 

LONDON 

By otto FOLIN and HENRY LYMAN 
{From the Biochemical Laboratory of the Harvard Medical School ) 

(Received for publication, November 12, 1912 ) 

In our communication on Absorption from the Stomach^ we 
gave figures which m our judgment leave no room for doubt con- 
cernmg the absorption of protein digestion products from the 
stomach To E S London our results are evidently not at all 
convmcmg and in a recent number of the Zeiischnfi fUr physio- 
logische Chenue^ he has endeavored to make clear several reasons 
why our results are inconclusive In view of the great amount of 
interesting experimental work done by London and his associates 
on the subject of absorption (by methods entirely different from 
ours) it IS not at all strange that he should be unable to accept our 
conclusion, diametrically opposite as it is to the conclusion reached 
by himself 

The three main points raised by London agamst our work are 
briefly discussed below 

I The increase in the non-protein nitrogen of the blood during 
our absorption experiments might be due to absorption from the 
intestinal tract of our fasting animals 

This IS to us an interesting argument in view of the fact that it 
heretofore has been practically impossible to demonstrate any 
increase in the non-protein mtrogen of the blood as a result even 
of carefully planned absorption experiments with the intestine 
As a matter of fact the absorption which we obtained from the 
stomach is more rapid than any absorption from the small in- 
testine which we have observed as a result of ordinary feeding 

^ This Journal, mi, p 259 
^ Zeitschr f physiol Chem , lx\xi, p 283, 1912 
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Numerous experiments made m this laboratory have moreover 
shown that unless there is m the intestine a fair amount of material 
suitable for absorptioUj the non-protem nitrogen of the blood 
remains just about stationary durmg the short periods covered by 
our experiments Some such experiments made for other purposes 
have already been recorded See, for example, the two creatinme 
expenments’ and the experiment on the absorption of tyrosine,^ 
in all of which virtually no increase m the non-protem nitrogen 
of the blood was obtamed 

We would further call attention to the fact that urea is particu- 
larly rapidly absorbed from the stomach “ London will have to 
concede that the accumulation of urea in the blood accompanying 
the disappearance of urea from the stomach can be due only to 
the absorption of urea from the stomach And havmg conceded 
this, there is, so far as we can see, no reason why the absorption of 
glycocoll, etc , should be less readily conceded 

2 To London it seems strange that we should afBrm that some- 
thmg was absorbed from Witte’s peptone m the stomach, when we 
obtamed only 40 mgm of non-protem nitrogen per 100 cc of blood, 
yet find no absorption of creatinme, although in one creatinine 
expenment the corresponding figure for the non-protem nitrogen 
of the blood was 53 mgm 

The amount of the imtial non-protem mtrogen m the blood 
IS detenmned by the previous condition of the animal It is onlj 
the increase durmg the absorption expenment which proves any- 
thing In the creatmine expenment referred to' the non-protem 
mtrogen rose from 52 to 52 mgm , i e , nothmg m mnety minutes 
In the peptone experiment on the other hand the corresponding 
figure rose from 34 to 40 durmg the same length of tune 

3 London finally falls back on the vague and all too common 
argument that the facts observed have anyhow no beanng on what 
happens normally Because dogs die in the course of a few daj^ 
when the pylorus is closed by means of a hgature, London won 
insist that the absorption from the stomach of cats obtained m 
the course of a few mmutes after the apphcation of such a ligature 

> This Journal, xu, p 262-3 

« Ibid , XU, p 147-8 

‘ Ibid , XU, p 263 

• Ibid , XU, p 263 
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IS to be explained as a pathological rather than as a physiological 
phenomenon We are disposed not to argue over this pomt but 
■would only remark that a similar new can then be advanced against 
almost every experiment with animals, to say nothmg of expen- 
ments of every description ■with isolated organs 

It should be noted that London’s results stand in a measure 
alone Tabler,^ Salaskin,® Cohnheim,® Schewnert/® and Lang“ 
all have reached the conclusion that mtrogenous products dis- 
appear from the stomach through direct absorption Taken m 
conjunction ■with the results of all these investigators ours might be 
regarded as only a verification (by a more direct method) which 
at the same time proves that the nitrogenous products absorbed 
from the stomach reach the circulation in non-protem form 
Finally we ■wish to thank London for his courtesy in sending 
us an advance copy of his note on our work and to express our 
regret that he just now (as he has privately informed us) ■will be 
unable to publish further experimental work on the problem As 
we indicated in our original paper’® London’s experimental results 
are not necessarily mconsistent with ours His absorptions may 
have been hidden by excessive secretions mto the stomach of vari- 
ous kinds of mtrogenous materials, while in our experiments (which 
anyhow were of relatively short duration) such secretion could not 
hide the accumulations in the blood 


' Zeiischr / physiol Chem , xlv, p 185, 1905 
« Ibid , lu, p 167, 1907 
• Ibid , Ivui, p 64, 1908 
i^Ibid, h, p 535, 1907 
** Biochem Zeitschr , 11 , p 225, 1906 
This Journal, xu, p 264 




ANNOUNCEMENT 


The Directors of the Journal of Biological Chemistry take pleas- 
ure in announcing that beginning with the Februarj^ issue of 1913 
(Volume XIV, No 1) the subscription price of the Journal to 
domestic subscribers will be reduced from S4 00 to $3 00 per 
volume, to foreign subscribers, S3 25 

Announcement is further made of the following offers, made 
possible by the e-ustence of the Christian A Herter Memorial 
Fund ^ 

1 Individuals known to be engaged in biochemical work who 
subscribe to the Journal at the usual rates beginning with Volume 
XIV, may secure Volumes I~XIII for the sum of $20 00, plus cost 
of transportation The price at which a complete set has hitherto 
been sold is $50 00 Applications for these volumes imder the 
terms of this offer should be sent directly to the Secretary, Journal 
of Biological Chemistry, Philadelphia, Pa , and should be accom- 
panied by such information concerning the work and occupation 
of the applicant as \vill enable the Directors to decide whether 
he maj properly be included within the intention of the offer 

2 Indmduals or Institutions v ho are already subscribers to the 
Journal and who nish to complete their files may secure early 
volumes for $1 50 each, plus cost of transportation, while the 
supply of back numbers reserved for this purpose remains unex- 
hausted 

The Directors of the Journal specifically reserve the right to 
cariy out the distribution of the Journal under the terms of these 
offers mthin their discretion and to Mithdraw the offers Avithout 
notice when the limited number of \olumes available shall be 
exhausted 

It IS wholly improbable that either of these offers can ever be 
repeated 

A N Richards, 
Secretary 




ON THE INTENSITY OF URINARY ACIDITY IN NORMAL 
AND PATHOLOGICAL CONDITIONS 

Bt LAWRENCE J HENDERSON and WALTER W PALMER > 
(From the Chemical Laboratory, Massachusetts General Hospital ) 

(Received for publication, November 2, 1912 ) 

The researches of v Rohrer, Hober and one of us^ have shown 
that both normally and pathologically the true acidity (concen- 
tration of lomzed hydrogen) in human urine is subject to con- 
siderable mconstancy On the whole the variation is such as is 
characteristic of a solution contaiiung phosphoric acid and base 
in which the latter ranges from that amount required to form 
monosodium phosphate to nearly that amount required to form 
disbdium phosphate , and such fluctuation in the unnary phosphates 
IS m fact the prmcipal cause of the varymg acidity, both “actual” 
and “potential ” 

This defimte mformation might well sufBce in the circumstances 
were it not for the fact that the intensity of unnary acidity is, 
among several, the most immediate indication of the magmtude of 
a process which constitutes one of the fundamental regulating 
activities of the orgamsm the carefully balanced excretion of 
acid whereby the neutrahty of the body is preserved ® Accord- 
ingly precise and numerous data of urinary acidity, both normally 
and pathologically, appear to be desirable Fortunately the 
researches of Sorensen make this task an easy one His researches 
have made possible the convement use of a considerable variety 
of indicators^ and provided ingenious and convenient refinements 

' Henry P Walcott Fellow m Clinical Medicine, Harvard Medical School 

' Pfluger’s Archiv, Ixxxvi, p 586, 1901, Beitr z chem Physiol , in, p 525, 
1903, Biochem Zeitschr , vmv, p 40 1910 

’ L J Henderson this Journal, i\, p 403, 1911 

^ See numerous papers in Comptes rendus des travaux du Laboratoire de 
Carlsberg 
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Intensity o£ Urinary Acidity 


which enhance their accuracy Our investigations, recorded in 
this paper, yield a confirmation, if such be necessary, of the relia- 
bihty of these methods 

We have as before estimated the urmary reaction after the addi- 
tion of indicators by matching colors of urinary samples with 
those of standard solutions of knoivn reaction The standard 
solutions were made up as follows 


TABLE 1 


1 

NO 

NaHjPO, 

j Na,HPO. 

+ 

H 

1 


O IOOOn 

9 27 

2 

0 OOOlN 

0 04S0n 

8 7 

3 

0 OOOlN 

0 0120n 

8 0 

4 

0 OICGn 

0 0S33n 

7 48 

5 

0 OOIOn 

1 0 OOGOn 

7 38 

G 

0 OOIOn j 

[ 0 0023n 

1 6 90 


CHjCOOH 

iCHjCOONA 


7 

0 OOOOn 

O 0920n 

! 6 70 

8 

0 0023n 

0 0920n 

6 30 

9 

0 004Gn 

0 0920n 

6 00 

10 

0 0092n 

0 0920n 

5 70 

11 

0 0230n 

0 0920n 

5 30 

12 ! 

0 O4C0n 

0 0920n 

4 90 

13 

0 0920n 

O 0920n 

4 70 


Phcnolphthalein 


> Neutral red 


p-Nitrophenol 


J 


Methyl red 


Sodium alizarine 
sulphonate 


In recording hydrogen ion concentration it appears to be both 
rational and convenient in the present case to use loganthmic 
notation as employed by Sorensen and others, rather than to 
record the actual concentrations, because the sigmficant vanation 

is m the logarithm of the numbers which represent the quantity 
+ 


{H) All such logarithms are of course negative and for conveni 
ence the minus sign is omitted The following table presents the 
conversion of the logarithmic notation into actual concentrations 
of ionized hydrogen 

Our first care was to make a more detailed study of the eSec 
of dilution of the urine upon its reaction and to see if a variety 
indicators yielded concordant results It soon appeared that e 
reaction of undiluted urine could be readily estimated by emp 3 
mg colored standard solutions (Sorensen’s method) The varyi 
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TABLE n 


LOO 

+ 

H 

LOO 

+ 

H 

4 6 

250 X 10-7 

6 4 

4 0 X 10-7 

4 8 

160 X 10-7 

6 6 

2 5 X 10-7 

5 0 

100 X 10-7 

6 8 

1 6 X 10-7 

5 2 

63 X 10-7 

7 0 

1 0 X 10-7 

5 4 

40 X 10-7 

7 2 

0 63 X 10-7 

5 G 

25 X 10-7 

7 4 

0 40 X 10-7 

5 8 

16 X 10-7 

7 6 

0 25 X 10-7 

6 0 

10 X 10--’ 

7 S 

0 16 X 10-7 

6 2 1 

6 3 X 10-7 

8 0 

0 10 X 10“7 


colors of urine are as a rule easily reproduced in standard solutions 
with all desirable accuracy by the addition of p-nitrophenol, 
methyl orange, alizarine sulphonate or bismark brown There- 
after the substance which is to be used as indicator may be added 
in equal concentrations to urine and colored standard solutions, 
and that one of the latter which still corresponds to the urine in 
color may be selected 

After the reaction of urine has been estimated in this manner 
with whatever may be convement, it is an easy task to determine 
the effect of dilutions upon the reaction by diluting both urine and 
standard solution equally The following table presents a fair 
sample of our data of the reaction of diluted and undiluted urine 

TABLE III 



REACTION 


REACTION 

INDICATOR 



INDICATOR 

1 



Undiluted 

Diluted 


Undiluted 

Diluted 



5 40 

5 40 



5 00 

5 00 

Para-nitrophe- 


6 70 

6 70 



5 00 

5 00 

nol 


5 52 

5 52 

Sodium alizarine 


6 82 

6 82 



5 82 

5 82 

sulphonate 


7 10 

7 10 



5 00 

5 00 



7 22 

7 22 



5 00 

5 22 



7 10 

7 10 

Methyl red 


4 82 

5 00 



6 82 

6 82 



5 12 

4 70 

5 30 

4 82 

Methyl red ' 


7 10 

7 22 

7 10 

7 22 






7 10 

7 10 
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synthesis of tissue compounds is the only explanation generallj 
held and taught today to account for the buildmg up of protan, 
fats and carbohydrates 

The work upon the sjmthesis of proteins in mtro through the 
agency of proteolytic enzymes, has not proven adequate to the 
task as yet, but the complexity of the reactions involved and the 
lack of those modifying influences which undoubtedly exist in the 
living cell are sufficient to account for the failures up to the present 
time But while no one has succeeded m bmlding up a typical 
native protem, great success has attended the efforts toward the 
synthesizing of carbohydrates and fats The work of Hamsicy 
m particular may be cited, for he has succeeded in demonstrating 
a 30 per cent synthesis of tnolein from its components He has 
further shown that the presence of bile salts is important in 
facihtatmg the synthetic reaction just as the hydrolytic It is 
not necessary to multiply examples of enzyme syntheses in ntro, 
smce the fact is too w'eil established to need further proof Atten 
tion should be called m passing, how ever, to the conditions under 
which successful reversions take place The absence of water 
from the reacting mixture is a pnme necessity Croft HiU* need 
a 40 per cent dextrose solution in his synthesis of isomaltose— 
a concentration far above anything found m vegetable sap, so 
far as we know Hamsick used pure glycenne, oleic acid and dr) 
pancreas powder in accomplishing his notable syntheses The 
reason for the small yield of ethyl butyrate obtamed by Kastle 
and Loevenhart was undoubtedly the dilution of the reacting 
mixture A small active mass of water is as important m syntheses 
catalyzed by enzymes as m those catalyzed by mineral acids for 
example Concentrated sulphuric acid, pure fatty acids and alco- 
hols are commonly used in laboratory ester syntheses, because 
under these conchtions the mass of water is kept at a mimmu™ an 
the hydrolytic reaction is correspondingly small It is well known 
that a mixture of ester, water and nuneral acid tends towar 
hydrolysis rather than toward the reverse reaction so long as 
water is above a certain proportion It has been shown' sum ar) 
that pancreatic hpase tends toward the complete hydroly®® ° 

1 Hamsick loc cit 

• Croft Hill loc cit 

' Bradlej this Journal, vui, p 251, 1910 



H C Bradley 409 

tnolem if water is present to the extent of 50 per cent of the react- 
ing mixture, and the more water present the more rapid is the 
hydrolysis If less than 50 per cent of water is present equilib- 
rium IS reached before hydrolysis is complete It requires, how- 
ever, a relatively small amoimt of water to secure a relatively large 
degree of hydrolysis and conversely a high degree of desiccation is 
necessary to produce noteworthy syntheses This fact, however, 
does not exclude the possibility of enzyme s}Titheses in cells where 
the total water content approximates 80 per cent, since there is 
abundant evidence of the fact that concentrations in localized 
portions of the cell may be far greater than in other adjacent por- 
tions The probable foam-structure of C 3 d,oplasm, the adsorption 
phenomena at the boundaries of different phases, gives us a 
mechaiusm which appears adequate to explain why at one point 
in a cell fat may be synthesized from its components, while at 
another point it may be undergoing hydrolysis at the same time 
Such data as have been presented by Macallum on the localiza- 
tion of potassium and other salts in growing structures, may be 
cited as proof of the possibility of attaimng high concentrations of 
soluble and diffusible substances in sharply localized areas of the 
cell The familiar formation of excretory vacuoles in the um- 
cellular orgamsms, where water charged with products of metabo- 
lism collects and grows, moves to the penphery of the cell and 
discharges into the surrounding medium, is a stnkmg example of 
this phenomenon 

So far therefore it seems quite possible to visualize in a crude 
way a mechanism by which syntheses by means of enzymes can 
take place in cells whose water content as a whole is too high to 
admit of this result once the cell structure is lost or disturbed 
The theory requires a complexity of structure and reaction which 
is abundantly borne out by other facts The theory has, however, 
never been given that close scrutiny which so broad a norking 
hypothesis deserves Verj’’ little has been done to establish it 
beyond proving the true cataljdic nature of en-zyme reactions 
It has therefore seemed advisable to secure data upon this impor- 
tant phase of metabolism, confirimng or disproving the theory as 
the case may be At the outset it has been evident that the 
methods of actually scrutimzing tissue sjmtheses are difficult and 
uncertain of interpretation, and that no single reaction or senes 
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at Woods Hole m 1911 Lipase was estimated m the usual way by 
making up a defimte weight of tissue “Brei” to a standard volume, 
adding a soluble ester, ethyl butyrate, and titrating the acidity 
developed After a period of three days the hpase reaction has 
usually reached equilibrium, so that the acidity at the end of 
that time represents roughly the amount of hpase present Fat 
was extracted from another weighed portion of the fresh tissue 
by boihng alcohol and ether The extracts dned at 105° were 
reextracted ivith ether, evaporated m a weighed capsule and dned 
to constant weight The results from this preliminary survey 
are not considered accurate, but they are sufficiently so to indicate 
that a correlation betiveen hpase and fat content m the tissues 
examined does not exist Some of the tissues nchest m fat are 
poorest m hpase, and vice versa The folloivmg table contains a 
few of these results 

TABLE I 




1 

ACIDITlf DEVELOrCD 

NO 

TIS3LE 

FAT rnoxi 5 or.km8 

ORE! 

BT 5 CRAMS 'BBEI IN 

100 cc WATER 2ec 
ethyl dettbate 



' grams 

ce 

1 

Shark luer 

' 2 34 

0 30 

2 

1 Dog fish Incr 

2 28 

0 50 

3 

1 Dog fish luor 

2 19 

1 40 

4 

1 Shark hver 

2 16 

0 20 

5 

j Shark h\er 

1 39 

0 40 

6 

Dog fish liver 

1 15 

0 90 

7 

1 Hounder Iner 

1 09 

2 00 

8 

1 Squetcague h\er 

0 84 

0 85 

9 

Limulus liver 

0 16 

0 70 

10 

Shark sperm 

0 10 

0 40 

11 

SharX kidne> 

0 06 ' 

0 30 

12 

1 Shark pancreas 

0 03 i 

0 60 

13 

, Limulus blood 

0 02 

0 30 


It wall be seen that ivhile the lipase content of shark liver and 
Limulus blood is exactly the same, the fat of the former is one 
hundred times greater than that of the latter Again, No 6) 
dog fish hver, contains one-half the fat that shark liver, 
contains but its hpase number is three times as great Floun er 
liver contains less than one-half the fat of shark liver but seven 
times the amount of hpase 
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A comparison of such figures as those in Table I is not honever 
satisfactory The lipase is presumably associated with the proto- 
plasmic portion of the cell contents — the dry, fat-free proteins 
A comparison of shark liver, which is about 50 per cent fat, with 
other tissues, which contain little or no fat, on a basis of fresh 
tissue weight is obviously incorrect The real protoplasmic basis 
of fresh shark liver must be much less than that of mammalian 
liver, for example, and a comparison of the lipolytic activity of 
the two would appear to make the mammalian liver tissue more 
active than it actually is Furthermore the introduction of the 
insoluble ester triolein along with the shark liver “Brei” must 
introduce a further error of comparison the extent of which we do 
not know In companng ahquots titrated ivith ^ NaOH and ^ 
KOH (alcohohc), it was found that the acidity in the alcoholic 
titration was frequently nearly double that of the water solution 
Evidently the lipase acts on both the soluble and the insoluble 
ester at the same time and at approximately the same rate If 
there were no fat introduced along with the “Brei” it would seem 
reasonable to assume that the ethyl butyrate would be hydrolyzed 
more rapidly It is fair to state however that, after making all 
possible allowance for this latter factor, the general results would 
remain quite unmodified 

A second, more accurate investigation was made, with a view 
to determimng what corrections should be made on the basis of 
protein or protoplasmic contents of the tissues exarmned Fat 
was estimated, the dry weight of the tissues, and the lipase activ- 
ity Calculating the diy, fat-free weight of the tissues it is seen 
that a wide range exists — from 4 to 40 per cent We may assume 
that 20-25 per cent represents about the average Then a tissue 
like shark liver which may contain as little as 4 per cent fat-free 
substance, represents only about one-fifth or one-sixth of the 
amount of active tissue found, for example, in porpoise liver As 
has been shown, the law of Schutz holds approximately through a 
considerable range of enzyme concentration the height of diges- 
tion vanes with the square root of the enzyme, when equilibrium 
IS allowed to be attained Accordingly four times the enz 5 ane 
present should double the acidity developed at equihbnum 

“ I wish to acknowledge the valuable assistance of Mr Eugene Kellers- 
berger in securing these data 
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TABLE II 


NO 

SPECIES 

TiaSUB 

1 

i 

f- 

< 

Ut 

P 

O 

S 

U3 

p: 

1 

1 

i 5 

u 

H 

, 0 

c. 

1 U 

1 ^ 

1 W n 

1 s ° 

a 0 

1 ? = 

1 

z 

0 

Eg 

V 

p 

u >< 

C < q 

u 




per cent 

per cent 

per cent 

!' CC 



1 

Poi poise 

liver 

5 06 

26 44 

21 38 

9 20 


9 20 

2 

Tautaug 

liver 

49 20 



4 60 


4 60 

3 

Pogy 

liver 

13 37 



4 00 


4 00 

4 

Dog fish 

liver 

39 35 

52 58 

13 23! 1 80 

2 

3 60 

5 

Dog fish 

liver 

34 69 



I 3 15 


3 15 

0 

Shark 

j liver 

63 14 

66 52 

3 38 

0 50 

7 

3 50 

7 

Shark 

1 liver 

62 58 

66 52 

3 94 

0 40 

6 

2 40 

8 

Skate 

1 liver 

12 SO 



; 2 30 


2 30 

9 

Skate 

1 liver 

16 45 



! 2 10 


2 10 

10 

Shark 

1 liver 

45 49 

56 45 

10 96l 0 65 

2 

1 30 

11 

Shark 

1 liver 

45 59 

56 78 

11 19 

0 65 

2 

1 30 

12 

Dog fish 

livei 

29 72 

50 56 

20 84 

1 25 


1 25 

13 

Shark 

liver 

58 12 

65 86' 

7 74 

0 40 

3 

1 20 

14 

Shark I 

liver I 

37 70 

49 88 

12 18, 

0 60 

2 

1 20 

15 

Dog fish 1 

liver 

17 24 



1 15 


1 15 

16 

Shark 

liver 

51 58 

60 70 

9 12 

0 50 

2 

1 00 

17 

Syootypus 

1 liver 1 

7 91 

32 97| 

1 25 06 1 70 ! 

1 

1 

1 70 

18 

Sycotypus 

] liver 

5 23 

29 97 ' 

24 74' 

1 00 


1 00 

19 

Star fish 

1 dig gland 

15 78 

36 03 

20 25 ! 

1 00 


1 00 

20 

Limulus 

dig gland 

2 83 

13 48 

10 65' 

0 30 

2 

0 60 

21 

Liniulus 

! muscle 

0 79 

21 09 

20 30 

1 40 


1 40 

22 

Tautaug 

muscle 

0 90 

20 42 

19 52 

1 20 


1 20 

23 

Tautaug 

muscle 

0 90 



0 90 

i 

0 90 

24 

Sycotypus 

1 radula mus 

1 62 



0 65 

1 

0 65 

25 

Sycotvpus 

1 pedal mus 

0 95 

26 89 

26 00 

0 50 

1 

0 50 

26 

Skate 

1 muscle 

0 60 


1 

0 50 


0 50 

27 

Limulus 

muscle 

0 76 

13 85 

13 09; 0 50 

2 

1 00 

28 

Skate 

muscle 

0 78 

31 71 

20 29* 

0 40 


0 40 

29 

Sycotj pus 

pedal mus 

0 78 

24 67 

23 89l 

0 30 


0 30 

30 

Pogy 

red mus j 

8 80 

28 13 

19 33 

0 30 


0 30 

31 

Dog fish 

muscle 1 

1 25 



0 25 

1 

0 2o 

32 

Pogy 

white mus | 

1 33 

22 00 

20 67 

0 20 

1 

0 20 

33 

Dog fish 

muscle 

0 70j 

21 38' 20 68 

0 15 

! 

0 15 

34 

Dog fish 

w hite mus 

1 011 

23 sol 22 79 

0 00 

1 

0 00 

35 

Dog fish 

red mus 

2 65| 

! 

1 

1 

0 20 

1 ' 

0 20 

36 

Shark 

muscle 

0 74, 

1 

1 

1 

0 00 

; 

0 00 

37 

Shark 

1 heart mus 

1 1 
1 

2 93 


1 

0 25 

j 1 
1 
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TABLE II — Continued 


JfO 

ePECIES , 

TISSUE 

1 

1 

» 

e 

D 

H 

^ 1 

2 

a 

(4 

o 

a 

p. 

U 

U3 

g H 

” s 

r ® 

O 

g§ 

§2 

u 

S 

o 

Q ^ 

u 

H S 

S ^ Q 

o ” 

u 


1 


‘Percent 

per cent 

percent 

cc 



38 

1 Limulus 

eggs 

8 29 

49 00 

40 71 

1 50 

i 

0 75 

39 1 

I Lmiulus 

eggs 

8 90 

48 95 

40 05 

1 30 

i 

0 65 

40 

Skate 

eggs 

6 17 

33 15 

26 92' 

0 70 


0 70 

41 

Star fish 

eggs 

3 38 

11 49 

8 11 

0 30 

3 

0 90 

42 

i Skate 

ovaries 

3 92 



1 60 


1 60 

43 

I Skate 

[ album gland 

2 59 

34 58 

31 99 

1 00 


1 00 

44 

Shark 

testis 

3 42 



4 10 


4 10 

45 

Tautaug 

testis 

2 92 



0 90 


0 90 

46 

Shark 

spleen 

2 31 



2 30 


2 30 

47 

Shark 

spiral valve 

2 40 



0 90 


0 90 

48 

Lunulus 

blood 

0 00 



0 90 


0 90 

49 

Limulus 

blood 

0 01 



0 45 


0 45 

50 

Shark 

blood 

0 24 



0 15 


0 15 

51 

Sycotypus 

blood 

0 31 



0 00 


0 00 

52 

Sycotypus 

blood 

0 02 



0 00 


0 00 


Since this proportionality is not a stnct one and only holds through 
a limited range of vanation of the enzyme, we have decided to 
give every possible advantage to the tissues, poor in protoplasmic 
residue, in the tabulated comparisons We have therefore assumed 
a direct or linear relation between enzyme and acid developed 
As will be seen in the preceding table, even this excessive correction 
allowance fails to account for the differences which we find between 
homologous organs of different species, nor does it greatly lessen 
the stnkmg lack of correlation between fat and lipase 

Graphs have been prepared to show the relationship between 
lipase and fat, segregating the figures for muscle, hver, digestive 
glands, eggs, etc The lack of parallelism is quite evident 

It may be suggested that the comparison of tissues from widely 
different species of animals is hardly a fair one The function of 
the hver of the teleost must be very different quantitatively at 
least from that of the mammal Shark and dog fish livers are 
always found rich in fat, while mammalian liver is uniformly poor 
But a senes of figures limited to sharks and dog fishes still shous 
no parallelism between the fat and lipase 
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LIVEB TISSUE 



MUSCLE M1SCELLA^E0U3 TISSUE 
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In the followng table are presented some miscellaneous figures, 
which cannot be stnctly compared with those of preceding tables 
since the digestions were earned on at 37° instead of 25° 


TABLE III 


BPCCIEa 

TISSUE 

ACIDtTr PEK 

6 CC AUQUOT 

FAT 



cc 

per cent 

Cat 

liver 

7 80 

7 01 

Rabbit 

liver i 

6 40 

4 00 

Dog 

liver 

6 20 

3 23 

Perch 

liver 

5 00 

4 52 

Shad 1 

liver 

3 40 

13 00 

Calf 

lung 

4 80 

2 44 

Beef 

kidney 

4 00 

2 17 

Calf 

heart muscle 

2 90 

2 27 

Shad 

1 spermatoid 

2 70 

2 40 

Con 1 

mammary (active) 

1 90 

11 00 

Goat 

mammary (active) 

I 1 SO 

4 30 

Calf 

brain 

1 10 

4 72 

Goat 

blood 

0 80 

0 12 

Dog 

thoracic lymph 

0 07 

0 78 


Attention should be called to the interesting observation, which 
I have frequently confirmed, that active mammary tissue is less 
rich in lipase than mammahan liver, and even than heart muscle, 
beef kidney and calf lung, although it is ncher m fat than these 
tissues and is daily secreting veiy large amounts of fat in the milk, 
in addition Instead of being unusually rich in lipase on account 
of its active secretion of fat, it is found to be about on a par ivith 
such other tissues as fish ovaries and testes, spleen, brain and other 
gland structures of mammals and invertebrates Compared vuth a 
large number of tissues active mammary gland is not a tissue rich 
in lipase, it is only twice as active as blood itself The fact that 
active mammary tissue is ncher in hpase than inactive, as was 
pointed out by Loevenhart, is probably due in large measure to 
its hyperplastic condition during lactation It is certain that 
the secreting epithelial cells are far more abundant in the active 
gland than in the resting one, so that a given weight of active gland 
tissue must contain a far greater proportion of gland cells and 

Data collected by Clarence Schuldt for graduation thesis 
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correspondinglj less connective tissue than the same weight of 
restmg mammarj' Xot knowing the relative proportion of epi- 
thelial cells in the tw o t3Ties of tissues it is impossible to estimate 
how much of the increased lipoljdic activity of the secreting gland 
IS due to increased metabohc actmty of the cells themselves, and 
how much to their numencal increase 

CONCLUSIONS 

1 No broad correlation exists between the fat and hpase con- 
tent of tissues 

2 Homologous organs in allied species, such as teleost Iners, 
fish muscles, etc , show no parallelism betw een fat and enajine 

3 Some of the most active fat-producing tissues arerelatnelj 
poorer in lipase than manj other tissues which never normallv 
contain or produce more than a small percentage of fat Active 
mammary tissue affords the most striking axample of this when 
compared with lung, kidnej" and muscle tissues 

4 Quantitative comparison of fat and hpase m animal tissnca 
gives no positive emdence in support of the theorv' of enzyme 
synthesis 



THE PROBLEM OF ENZYME SYNTHESIS H 
DIASTASE AND GLYCOGEN OF ANIMAL TISSUES 
Bi H C BRADLEY and E KELLERSBERGER 
(From the Department of Physiology, University of Wiseonsin ) 

(Recei\ed for publication, Xov ember 2, 1912 ) 

In a lecent paper by Hugh MacLean/ diastatic activity of mam- 
malian tissues was reported to have the follmving order kidney, 
lungs, liver, heart, stomach and bladder and skeletal muscles 
There were individual and species % anations found, but the aver- 
age diastatic activity was m the order named It is interesting 
to note that kidney and lung tissues which are most active, are 
seldom found to contain more than traces of glycogen, if any 
Muscles, ivhich are least active diastatically, frequently are quite 
rich m glycogen and normally contain some of that carbohydrate 
MacLean pointed out the lack of correlation between glycogen 
storage and diastatic activity in the tissues examined 

We have extended this field of inquiry to include a number of 
lower forms known to be rich in glycogen For example the muscle 
tissues of molluscs are usually verj”^ rich in glycogen, so much so 
indeed that it makes one of the best sources for the preparation of 
large amounts of this substance Are such muscles proportion- 
ately rich in diastase^ 

MacLean’s method of preparing the tissues for examination 
was followed The living tissue was ground fine into a large excess 
of alcohol and kept thoroughly mixed The alcohol was changed 
several times in twenty-four hours, piessmg the pulp dry each time 
m a meat press At the end of this period the tissue uas iv ashed 
quickly with ether and gasoline to remove alcohol and fats, pressed 
dry and spread out in thin layers on filter paper in a current of 
air The dry pulp rvas re-ground and sieved Tvo grams of 
this powder, 25 cc of a stock starch solution used throughout the 
exyieriments and a little toluene were made up to 100 cc The time 

1 MacLean Bioehem Joiirn , iv, p 467 1909 
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required for the disappearance of the starch and the erythro- 
dextrin reactions was used as the indication of the activity of the 
diastase present We have also used glycogen solutions for diges- 
tion but have found such complete parallelism between the starch 
and glycogen digestions that the former has been adopted in 
our routine examinations It is believed that for comparative 
purposes, such as these expenments require, the change to achroo- 
dextnn, as indicated by the iodine reaction, is as valuable as a 
quantitative determmation of sugar at the end of a fixed time 
Glycogen was estimated in a weighed sample of the tissue 
powder by the Pfluger method, boiling with strong alkali for two 
hours, precipitating with alcohol, redissolving and reprecipitating 
several times, and finally weighing the purified substance dned to 
constant w'eight Where traces only could be found they were 
used for qualitative reactions for the identification of the substance 
as glycogen In a few cases w'here only a hmited amount of the 
tissue could be obtained the fresh “Brei” was used for the detec- 
tion of diastase 


NO 

8PCCIC8 

TISSUE 

DBT 

WTIOHT 

TIME 

GLTCOOEV 

! REHABXS 

1 

1 

Pecten 

liver 

grams 

2 

37 mm 

percent 

trace' 

1 

2 

Sycotypus 

li\er 

2 

47 min 

1 15 


3 

Rat 

liver 

2 

60 min 

trace 


4 

Limulus 

liver 

2 

90 min 

none 


5 

Sand shark 

liver 

2 

240 min 

none 


6 

Sand shark 

liver 

2 

480 mm 

none 


7 

Limulus 

eggs 

2 

570 mm 

2 57 


8 

Limulus 

muscle 

2 

2J day 

trace 


9 

Dogfish 

liver 

2 

5 days 

1 35 

erjdhro 

10 

Pecten 

muscle 

2 

5 dajs’ 

4 62 

11 

Squid 

muscle 

2 

5 dajs? 

none 

dex * 

12 

Dog fish 

muscle 

2 

6 days? 

0 20 


13 

Sand shark 

muscle 

2 

7 dajs? 

none 


14 

Squeteague 

muscle 

2 

7 da>s? 

trace 


15 

Lobster 

muscle 

2 

7 dajs’ 

none 


16 

Sand shark 

muscle 

2 

8 days’ 

none 

blue-purple 

17 

1 S>cotypus 

muscle 

2 

8 days’ 

3 78 

18 

\ Swordfish 

muscle 

2 

? 

none 



• Wh'^re a qucsUoa maTk appears It Indicates that no sure indication oi 10 and 

detected at the end of the time given to that experiment In the two cases noted os 
17 there was 8omc Blight Indication of change In the starch solution though In 17 It was 
clear whether U was due to digestion of starch or not 
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NO 

fiPECIEH 

TISaXJE 

FRC6H 

TTEIOBT 

TIME 

GLl COOEN 

REMAHE8 

19 

Sycotypus 

muscle 

fframa 

10 

8 days 7 

0 68 


20 

Shark 

muscle 

10 

3 days 

trace 


21 

Sycotypus 

blood 

75 

3 days 

none 


22 

Squid 

liver 

3 

5 days 

none 


23 

Squid 

blood 

25 

3 days 

none 


24 

Squeteaguc 

liver 

3 

3 hours 

trace 


25 

Lobster 

liver 

25 

3 hours 

trace 


26 

Lobster 

blood 

25 

7 

none 


27 

Sycotypus 

liver 

10 

3 hours 

none 


28 

Shark 

liver 

10 

5 hours 

none 



An analysis of the results shows in the first place that the treat- 
ment to which the tissues are subjected in drying and rendenng 
them fat-free, does not greatly alter the diastatic activity, com- 
pare 2 and 27, 4, 6 and 28 It is improbable therefore that, by 
this treatment, diastase has been destroyed in any of the tissues 
which fail to digest starch 

In the second place, the most active tissues diastatically, Pecten, 
Sycotjqius, rat, Limulus, and shark livers and Limulus eggs, do 
not all contain glycogen It is quite probable however that in 
periods of nutntional plenty these tissues might all contain glyco- 
gen, since with one exception they are livers or digestive glands 
which are believed to function hke the liver in stonng glycogen 
On the other hand, the least active tissues are the muscles With 
the exception of Limulus muscle (which contains no glycogen) 
these tissues are practically devoid of diastatic enzymes Yet 
Pecten and Sycotypus muscles are the richest tissues which ve 
have analyzed for glycogen In the case of Pecten muscle there 
TV as an unmistakable change to erythrodextrm, but during the 
five-day digestion period there seemed no further change At 
the end of an eight-day penod Sycotypus muscle showed no more 
change than expressed by a slight purple tint in the digestion mix- 
ture when treated ivith iodine, instead of the original clear blue 
A control of 10 grams of the perfectly fresh muscle “Brei” 
showed no digestion at the end of eight days Inasmuch as 
Sycotypus blood showed diastase, it is not surprising that the 
muscle sample 17 appeared to have a trace of activit}’^ Indeed 
it might be considered more surprising that the tissue shoved so 
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little When the gasteropods were killed, however, the large 
blood spaces of the pedal muscle were cut m several directions to 
allow free bleeding, and the muscles themselves under this stimulus 
contract to the utmost, thus squeezing out practically all of the 
blood present What extremely slight digestion appeared to go 
on in 17 we may attnbute to a trace of blood rather than to the 
muscle fibres themselves 

It should be noted that our figures disprove the statement of 
Abderhalden,^ that “With the gasteropods the liver is the only 
place in which glycogen is deposited to any extent, in the other 
organs the amount is hardly worthy of consideration ” The gas- 
teropod, Sycoiypus canahculalus, regularly contains large amounts 
of glycogen in the pedal muscle The specimens here examined 


had been kept in captivity for many weeks, long enough to remove 
most of the glycogen from the liver in several individuals examined 
and to have reduced the percentage present m the muscles Freshly 
dredged speermeus irv geed condition, will yield much more glyco- 
gen than the figures above would indicate The same is true of 
the muscles of many lamelhbranchs, of which Pecten is an example 
In confirmation of MacLean’s work, we find that tissues rich in 
diastase maj’’ or may not contain glycogen, and, what is far more 
significant from the point of view of the enzyme-synthesis theory, 
tissues rich in glycogen may or may not contain diastase While 
it IS easy to conceive of a tissue nch in an enzyme failing to build 
up the synthetic product of that enzyme’s actinty) it is not so 
easy to explain the absence of an enzyme from a tissue regularl} 
building up a certain compound, if we attnbute that synthesis to 
the enzyme At the same time the absence of the enzyme does 


not invalidate the general theory It is possible that the enzyme 
has disappeared after the synthesis, or that the diastase of the 
blood IS capable of diffusing into the cells at certain times, or that 
in an ammal whose whole metabolism is on so low a level, an 
amount of diastase too small to detect is still sufficient to synt e- 
size and hydrolyze the glycogen stored in the pedal muscle JS 
not impossible of course that glycogen is synthesized m the active 
liver or “hepato-pancreas” and is transported thence to the muse e 
tissue in the blood The presence of glycogen in the latter mig 


’ Abderhalden Text-book of Physiological Chemistry, p 46 
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be too slight also for detection at any given time There are many 
considerations which render the negative results, recorded above, 
equivocal rather than negative of interpretation It is clear how- 
ever that the experiments do not add anything to substantiate the 
theory 




THE PROBLEM OF ENZYME SYNTHESIS IH 
DIASTASE AND STARCH OF PLANT TISSUES 

ByH C BRADLEY AND E KELLERSBERGER 
{From the Department of Physiology, University of Illinois ) 

(Received for publication, November 2, 1912 ) 

It IS well known that diastase is widely distnbuted in the active 
tissues of plants Just what its relative strength is in different 
tissues has been less carefully determined Furthermore the 
quantity of the enzyme is variable so that only very general state- 
ments can be made concermng its presence The season of the 
year, the condition of the plant and its stage of development^ etc , 
all exercise an influence in determimng the activity of the enzyme 
For this reason much of the data collected upon this question was 
unavailable for the purposes of this investigation, and a senes of 
determinations was therefore made to determine whether a rela- 
tionship exists in the plant tissues between starch and the enz5Tne 
which IS beheved to synthesize it from the more soluble carbo- 
hydrates A defimte correlation between the enzyme diastase 
and the starch content would throw much light on the general 
question of enzyme synthesis The plant should be especially 
favorable material for this problem because of the relatively simple 
metabohsm there found 

The method used was that descnbed m a previous paper for the 
detection and estimation of diastase in ammal tissues The plant 
organs were not treated mth alcohol and ether since few plant 
tissues contain appreciable amounts of fat Five grams of the 
finely pulped material were weighed out, 25 cc of the same starch 
solution added m all cases, toluene and water to make the volume 
100 cc The iodine reaction was used as the test of digestion, 
and the time required to convert the starch solution to the achroo- 
dextrin stage indicated m a rough way the activity of the diastase 
present A number of tissues were assaj^ed for their dry v eight 
as a further check on the interpretation of the figures of d n 
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A number of objections may be urged at the outset First 
The method is not a quantitative one, the end point with iodine 
IS not sharp and a considerable error is thereby introduced 
Making all possible allowances for error m this direction does not 
however invalidate the general results — a given tissue is ten or a 
hundred times more active than another 

Second Many tissues alreadj'- contain starch m larger or smaller 
amounts, and the presence of this starch must inevitably alter the 
time required for digestion to the achromic point This error is 
in many cases a serious one In many others however the starch 
grains are so resistant to the diastase that filtering the samples 
taken for tests removes them, and the solution then represents the 
original starch solution added We have found a number of tissues 
where the reaction of the starch grains in suspension persisted hours 
or even days after the soluble starch solution had all been con 
verted into dextnns which gave no iodine color reaction 
Third Very noticeable differences exist between the action of 
diastases of different origins In some cases erythrodextnn is 
rapidly formed from the starch, and then persists for long penods 
of time In others no erjdhrodevtnn reaction develops, the solu 
tion remains blue-reactmg to the end, and merely decreases in 
intensity to the vanishing point In others the steps from starch 
to erythrodextnn to achroodextnn are well defined and follow each 
other in approximately the same time This difference is possibly 
an indication of a complex of enzymes m what is called “diastase, 
one factor of which hydrolyzes starch, another erythrodextnn, 
etc If, in a given tissue “Brei” the erythrodextrin-digesting 
enzyme is much more abundant than the starch-digesting, then 
the speed of the entire reaction wll be expressive of the speed of 
that initial step of hydrolysis The reddish color at the same time 
will never be appreciable, since the erythrodextnn ivill be hydro 
lyzed as rapidly as formed In other cases, where the imtial step 
is rapidly taken but the dextnnase is wanting, the mixture rapidly 
assumes the red-staimng stage and then very slowly or never 


passes on to the achromic point 

Razor sections of the organs were stained with iodine, and^where 
this reaction was negative or equivocal, samples of the “Brei were 
extracted wath boiling water and the extract tested for stare 
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TABLE I 


SPECIES 

I 

TISSUE 

t>RY 

WEIGHT 

DIGESTION 

TIME 

STARCH COVTENT 



per cent 

^oure 



leaf 


0 70 

None 


pod and seeds 

12 4 

0 50 

Small amount 

Green pea 

seeds, medium 

24 6 

0 50 

Medium 


pods, medium 

13 2 

0 80 

Small amt deytrin 


seeds, mature 

80 0 

1 00 

Abundant 


seed, medium 

23 2 

6 00 

Abundant 

Lima bean 

pod, medium 


5 00 

Small amt de\tnn 


leaf 

15 4 

0 50 

Small amt dextrin 


seed, medium 

27 6 

5 50 

Medium 

Kidney 

pod, medium 

14 8 

5 50 

Abundant dextrin 


leaf 

18 0 

0 25 

Small amt dextrin 

Kohlrabi | 

root 


1 50 

None 

leaf 1 

j 

1 50 

None 

Onion 1 

root, young 

13 4 

? 

None 

leaf, young 

10 6 

48 00 

None 

Bayberry | 

leaf 

berry, mature 


72 00 
72 00 

None 

None 

Radish 1 

root, mature 

5 6 

0 70 

None 

leaf, mature 

8 6 

0 70 

None 

Carrot | 

root, medium 

10 8 

2 50 

Abundant 

leaf, medium 


22 50 

None 


root, young 

i 

? 

None 

Red beet ■ 

leaf, young 


1 25 

None 

root, mature 


14 00 

None 


leaf, mature 


6 00 

* None 

Mangel < 

root, mature 


? 

None 

leaf, mature 


7 00 

None 


root, medium 


18 00 

Some dextrin 

Potato 

tuber, medium 


17 00 

Very abundant 


leaf, medium 


0 75 

None 


seed, medium 


7 50 

Abundant 


1 husk, medium 


6 00 

None 


seed, mature 


6 50 

Abundant 

Corn 

cob, mature 


6 50 

Small amount 


seed, young 


5 00 

Medium amount 


cob, joung 


6 50 

Small amount 


husk, young 


2 00 

None 


seed, mature 

25 2 

1 25 

Medium 

Marrow squash • 

pulp, mature 


? 

Abundant 


pulp, joung 


48 00 

Abundant 


leaf, mature 


0 50 

None 

Cantaloupe 

pulp, mature , 


72 00 

None 


seed mature ] 

i 

9 

Small amount 
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In the table the relative amounts of starch found are mdicated 
In general it is a fact that leaves contain starch In some it is 
found always, in others only while photosynthesis is in rapid prog- 
ress The fact that our plant tissues were usually secured early 
in the morning, before photosynthesis had gone on to any large 
extent, is probably the explanation of our failure to find starch m 
many of the green parts of plants Dunng the mght, the starch, 
in such parts as the leaves, usually disappears It is believed to 
be converted into sugar and removed by the sap to the organs of 
storage 

About one hundred tissues were examined in this way The 
results are very divergent A few of the more stnkmg figures 
are given in the table below The pubhcation of the rest would 
not add materially to the solution of the present problem 

The above typical results, together with the mass of data unpub 
hshed, shows the folloiving conclusions are warranted 

First Diastase is as a rule most abundant m the leaves, where 
starch is never stored permanently, but where it may be found in 
small amounts during photosynthesis Leaves of different species 
exhibit very marked differences in their diastase content The 
leaves of the bayberry, omon and leek contain so little of the 
enzyme as to be doubtful On the other hand the leaves of the 
legumes were among the most active tissues exanuned It is of 
interest to note that the leaves of the legumes were usually found 
to contain considerable starch or a dextnn-hke compound, though 
there were several exceptions noted 

Second No general deductions can be drawoi relating the dias- 
tatic activity of a tissue with its starch-stonng function We find 
plants like the beets and mangels, which store no starch m the root 
but instead store sugar, having a highly active leaf and no diastase 
in the root Other plants like the radish and rutabaga and kohl- 
rabi, w'hich also store sugar instead of starch m the root, are dias- 
tatically active in both leaf and root The radish root is one of the 
most active tissues we have found, despite the fact that it contai^ 
only 5 per cent solid material, and yet no trace of starch could be 
found in the many samples examined Other plants, like carrot, 
parsley and parsnip, lay up starch in the root which is diastatica y 
active — in these cases more active than the leaf The pot^i 
tuber is particulaily rich in starch but rather poor in diastase 



H C Bradley and E Kellersberger 


429 


In a very few cases tissues which were found to contain starch 
were so slightly active diastatically that they appear doubtful 
The pulp of the marrow squash and the seed of the cantaloupe 
eventually carried digestion to the erythro stage, at which point 
it appeared to stop completely Fresh mushroom tissues, after 
five days’ digestion, showed no definite change of color Curiously 
enough, these same tissues ground up in alcohol, washed with 
ether and dried, developed considerable diastatic activity Did 
the treatment activate a proenzyme? If so, and the evidence of 
the single series of observations suggests this, why should the 
rapidly growing fresh tissues, rich in the glycogen-like carbohydrate 
of the mushroom, show no diastase? In the developing mush- 
room, which frequently grows several inches in a few hours, and in 
which the glycogen transfer must be unusually rapid, one would 
expect to find diastase m abundance if that enzyme is necessary 
for synthesis 

With the exception of these doubtful cases just mentioned the 
results of our senes offer more favorable material to interpret 
from the standpoint of enzyme synthesis than any other investi- 
gation which we have made The fact that practically all of the 
starch-storing tissues of plants are found to contain diastase, and 
that during the developmental stages as well as during sprouting, 
lends considerable support to the view that the enzyme is responsi- 
ble for the synthesis of the polysaccharide from the sugar of the 
sap It must not be lost sight of however that even these favor- 
able results are by no means decisive, the data may be interpreted 
m a different way, and there is nothing m the experiments which is 
crucial Furthermore if any of the doubtful cases cited should on 
further work prove to be actually negative, the value of the positive 
cases as favorable evidence for the theory would be entirely lost 
At present, however, it appears to us that the strongest evidence 
for the theory is to be found m the relation of starch and diastase 
m the organs of plants There are many tissues rich in diastase 
which never develop starch, but on the other hand there are no 
tissues which contain starch of which we can say that they are 
absolutely devoid of diastiise What the function of the diastase 
of tissues which never contain starch is, we have not even conjec- 
tured, but it seems quite possible, from the data, that those tissues 
which develop starch as a store of reserve material may sj’^ 
the starch through the agency of diastase 




THE PROBLEM OF ENZYME SYNTHESIS IV 
LACTASE OF THE MAMMARY GLAITO 
By H C BRADLEY 

{From the Department of Physiology, University of Wisconsin ) 
(Received for publication, November 11, 1912 ) 

In the preceding papers reporting investigations into the theory 
of enzyme syntheses in tissues, the results have been equivocal and 
difficult of interpretation They have neither confirmed nor dis- 
proved the general proposition that enz3Tnes assist in the S3mthetic 
production of compounds which they also hydrolyze It is desir- 
able therefore to secure some more crucial test of the theory An 
organ or tissue whose chief function is synthetic and the products 
of whose synthesis are somewhat specific would make an ideal 
tissue to examine from this point of view The active mammary 
gland is perhaps the best example of this sort of organ It pro- 
duces considerable amounts of protein, carbohydrate and fat, and 
the protein and carbohydrate are quite specific Neither casein 
nor lactose are found elsewhere than m milk, and the lactose 
requires a specific enzyme to hydrolyze it The number of tissues 
which contain this enzyme are moreover very limited As Plim 
mer' has shown, intestinal mucosa and the pancreas of suckling 
mammals regularly contain the enzyme, while it is wanting in the 
adult pancreas and in most adult intestines Its presence in sig- 
mficant amounts in the active mammarj’^ vould therefore go far 
toward proving the theory under investigation 

As a test of the theory we have therefore proposed the presence 
or absence of lactase in the active mammary cell The hydrolytic 
action of the enzyme is much more easily demonstrated than its 
synthetic action, so that the failure of Porcher’ to get synthesis 
of lactose from a mixture of gland “Brei,” dextrose and galactose, 

' Plunmer Journ of Physiol , xwiv, p 93, \\\v, p 20, 190G 
’ Porcher Arch internat Physiol , xmii, p 356, 1909 
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IS not conclusive His results merely indicate that under the con- 
ditions of dilution, etc , which obtained in his eiqjerinients rever- 
sion did not take place Dilution may have prevented Porcher 
from finding a synthetic effect, but dilution should only facilitate 
the hydrolii^ic reaction of the enz3ane 

Active mammary glands were therefore obtained from animal c! 
sucklmg their young and at the height of lactation Samples 
of the nulk were secured in most instances and the presence of 
lactose demonstrated, as a preliminary precaution The glands 
were ground to a fine “Brei” and diluted with a known proportion 
of water and were either allowed to autolyze over mght under 
toluene or used immediately The autolyzed and diluted “Brei” 
wms strained free from connective tissue shreds and a known 
amount of the mixture added to a solution of Kahlbaum’s C P 
lactose A control digestion w'as checked at onco by the addition 
of mercuric mtrate, prepared according to the roethod of Patein 
snd Du/iiu,’ or hy bojJjug- sod then sddiog fJb£ roercunc jvtrste 
Other samples were allowed to digest from two to Seven days under 
toluene at 37° At the end of this period the proteins were removed 
by mercuric nitrate, the large excess of mercury precipitated in 
an aliquot of the protein-free filtrate by NaOH, and HjS run m 
to precipitate the remainder Excess of sulphide was then re- 
moved by CuSO^ and the solution made up to a defimte volume 
and filtered Sugar was determmed in aliquots of this filtrate by 


the Alhhn gravimetnc method Another aliquot of the sugar 
solution was then completely hydrolyzed by boiling with HzSO^ 
for one hour, neutralized, made up to knowm voluine and analyzed 
for sugar Thus the reducing power of each solution was checked 
by its reducing power after hydrolysis — an extremely important 
point in the work, since it enables one to determuie whether there 
has been destruction of either dextrose or lactose ciurmg the diges- 


tion penod The mere fact that the reducing power of the digest 
does not alter dunng a seven-day penod is not of itself sufficient 
to prove the absence of lactase, smce a concomitaiit destruction of 
sugar may have balanced the rate of hydrolysis Nor would an 
mcreased reducmg power of the solution alone be a proof of the 
hydrolysis of lactose, since hberation of a reducmg substance m the 


’ Patein and Dufau Journ de pharm el de ckim , xv, p 221, 1902 
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gland “Brei” itself is quite possible The results of Plimmer may 
be subjected to valid criticism on this very ground, since increased 
reducing power of the digest was taken as proof of lactase, without 
determmmg also the amount of lactose remaimng at the end of 
the digestion period As a matter of fact we have found some indi- 
cations of both destruction of dextrose and of the liberation of 
reducing disaccharides in certain experiments The check has a 
further value In the precipitation of the proteins by the mercuric 
mtrate method the character of the precipitate is frequently differ- 
ent in different digestion flasks Presumably too there is a differ- 
ence in the amount of sugar absorbed by such precipitates, so that 
several digestions made up with scrupulous attention to exact 
duplication of the amounts of sugar and “Brei” present, will 
frequently show appreciable differences m the amounts of sugar 
present m the final filtrates Such differences must be assumed 
therefore in the interpretation of results as experimental errors 
inherent in the process, and variations withm such limits cannot 
be considered evidence of hydrolysis If lactase is present at all, 
however, a digestion of seven days should show changes far 
beyond these experimental errors, and give unequivocal evidence 
of hydrolysis 

In carrying out the details of this work we have followed the 
procedure described by Plimmer as closely as possible in order 
that our results might be comparable with his, and that some judg- 
ment might be made as to the amount of lactase present in the 
mammary gland compared with the tissues examined by him 
Experiment I October, 1911 Cat with four kittens, toward 
the close of lactation but still nursing the kittens The milk con 
tamed a reducmg sugar The glands, dissected free from fat and 
coimective tissue, weighed 35 grams They were reduced to a fine 
“Brei” with the addition of toluene water and allowed to incubate 
at 37° for twenty-four hours The “Brei” was strained, the resi- 
due washed and the mixture made up to 250 cc with toluene water 
Four digests were set up 

I 50cc “Brei,”100oc 5 per cent lactose solution incubated 24 hours 
II 50cc “Brei,”100cc 5 per cent lactose solution incubated 48 hours 
III 50cc “Brei,”100cc 5 per cent lactose solution incubated 72 hours 
rV 50cc “Brei,”100cc 5 per cent lactose solution boiled at once as 
control 
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At the end of each digestion period 10 cc of mercunc nitrate 
solution were added, the mixture allowed to settle in the cold 
over night and filtered One hundred and twenty cubic centimeters 
of the filtrate were made exactly neutral to litmus with concen- 
trated NaOH and sufficient water added to make the total volume 
125 cc The precipitated mercunc hydroxide was then filtered, 
and HoS passed into 100 cc of the filtrate till the slight excess of 
mercury was removed The excess of H 2 S was precipitated by the 
addition of copper sulphate and the mixture made up to exactly 
250 cc and filtered Sugar was determined m 25 cc aliquots of 
this filtrate, which contains a very slight excess of the copper salt 
insufficient to exercise any appreciable effect upon the sugar deter- 
minations The cuprous oxide was filtered on a Gooch, washed 
repeatedly with hot water, alcohol and ether, and dned at 105° 
for an hour Duplicate results wmre obtained in each case 

Fifty cubic centimeters of the final filtrate were hydrolyzed with 
the addition of 2 cc of concentrated sulphuric acid, boiled for one 
or more hours, neutralized and made up to 200 cc Sugar estima 
tions on this show'ed the total available reducing sugar and thus 
the undigested lactose could be determined 
The twenty-four and forty-eight-hour digests show a shght in- 
crease in reducing power, which is more than (jounterbalanced 
by a decreased total sugar Our only explanation of this is the pos- 
sibility of some slight bactenal action unchecked by toluene The 
seventy-two-hour digest shows little deviation from the control 

TABLE I 


NO 

HOURS 

CnjO 

A^URAOU 

TOTAL 

available 

RATIO 



gram 




1 

0 

0 4355 

0 4354 

1 

0 4355 

0 6178 

1 418 

2 

24 

0 4491 

0 4470 

0 4480 

0 57(M 

1 273 

3 

48 

0 4411 

0 4405 

0 4408 

0 58;i2 

1 323 

4 

72 

0 4352 

0 4345 

j 

0 4348 

0 6000 

1 379 


Experiment II October, 1911 Goat in active lactation, 
secreting about 400 cc of milk per day The milk containe 
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lactose One hundred and sixty grams of gland tissue were se- 
cured, ground fine, diluted and autolyzed over night Liver 
tissue from the s" animal was made up m the same way as a 
check 

The results show no digestion of lactose Where liver tissue 
IS substituted for mammary there is a distinct loss of sugar 


TABLE ri 


NO 

TIME 

GLAND 

PRESENT 

REDUCTION 

AVFRAGE 

TOTAL 

AVAILABLE 

RATIO 

TISSUE 

1 

hOUT$ 

0 

per cent 

14 

0 4357 

0 6180 

1 419 

Mammarj 

2 

96 

14 

0 4366 

0 6200 

1 420 

Mammarj 

3 

0 

28 

0 4577 

0 6252 

1 366 

Mammar 5 

4 

96 

28 

0 5674* 

0 7688 

1 355 

Mammarj 

5 

0 

14 

0 4715 

0 6450 

1 378 

Liver 

6 

96 

14 

0 4517 

9 6152 

1 362 

Liver 


• A stronger lactose solution V, 03 used In this digestion bj mistake the ratio clearlj shows 
however that no digestion has taken place 


Experiment III November, 1911 Rabbit, twenty-four hours 
after dropping her litter The glands were swollen and full of 
milk Forty-five grams were ground fine, diluted to 250 cc and 
autolyzed over mght The strained mixture was made up vath 
lactose as in experiment I 

In Nos 2 and 3 there is no evidence of a change of any kind, 
in 4, which was made distinctly alkaline to litmus with bicarbon 
ate, there was a slight loss of sugar as shoivn by both the digestion 
and inverted sample 


TABLE in 


NO 

HOURS 

j OLAND 

1 PRESENT 

REDUCTION , 
AVERAGE 

TOTAL 

A% AILADLE 

1 RATIO 

REMARKS 

1 

1 

0 

1 

1 per cent 

18 

0 3936 

0 5360 

1 362 


2 

72 

18 

0 3939 

0 5400 

1 371 


3 

168 

18 

0 3928 

0 5398 

1 374 


4 

72 

18 

0 3751 

0 5276 

1 406 

Alkaline nith 







NaHCO, 


Experiment IV December 1911 Goat in the height of lac- 
tation The milk was shown to contain lactose Two hundred 
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and ninety-five grams of gland tissue were obtained A 10 per 
cent lactose solution was used 

In this case there seems to have been a progressive liberation of 
sugar, more stnkmg in the digestion to which blood had been 
added The necessity of making a determmation of the total 
available carbohydrate is clearly brought out m this instance, 
since an examination of the amount of reduction produced by the 
digestions alone vould seem to indicate hydrolysis The ratio 
shows hovever that such has not been the case 


TABLE IV 


J 0 

HOUHB 1 

OLASD 

PRESEVT 

REDCCnON 
AVERAGE 1 

1 

1 TOTAL 

1 available; 

RATIO 

1 REUABE9 

1 

1 

0 

per cent 

35 

0 5450 


1 481 


2 

120 

35 

0 5762 

0 8144 

1 413 


3 

120 

35 

0 5918 

0 8560 

1 447 

Blood present 


Experiment V February, 1912 Cow m the height of lacta- 
tion, killed as 4 demonstration of the tubercuhn reaction No 
macroscopic lesions were found in the mammary gland, which 
weighed over three kilos Five per cent lactose solutions were 
used in the digestion mixtures 

Two and three were set up as duphcate digestions, the differ- 
ences betw'een them mdicate the extent of divergence between 
such duplicates which must be taken into account in interpreting 
results In five, the “Brei” w'as allowed to autolyze for seven 
days, the lactose solution then added and action stopped at once 
wnth mercunc mtrate The senes seems to show a small increase 
in the total sugar content as w^ell as a larger increase m the reduc- 
tion of the mixture before hydrolysis That this is not a digestion 
of lactose itself is shown by Nos 4 and 5 Companng Nos 1 
and 4 there is some indication of mcreased disacchande content 
It may be suggested that a mother substance of lactose is present 
m the gland cells, as was thought by Porcher, from which lactose is 
split off during the digestion penod Whatever the explanation, 
the fact that a disacchande is produced dunng digestion from the 
gland cells, is of itself m direct opposition to the theory that lac- 
tase IS responsible for the lactose of the milk 
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TABLE V 


NO 

Houna 

OLAND 

PRESENT 

Ireductjon 

AVERAGE 

TOTAE 

AVAILABLE 

RATIO 

REMARKS 

1 

0 

per cent 

35 

0 4059 

0 5738 

1 414 


2 

72 

35 

0 4033 

0 5752 

1 426 


3 

72 

35 

0 4184 

0 5804 

1 387 


4 

168 

35 

0 4220 

0 6078 

1 441 


5 j 

168 

35 1 

0 4252 

0 5800 

1 364 

Lactose added 







at end of diges- 
tion 


Experiment VI The mammary of the same co'o was kept 
frozen hard at a temperature of about — 20°for several days While 
thus frozen it was possible to produce an exceedingly fine gland- 
snow with an ice shave Another series of digestions were set up 
with this matenal, varying the reaction by the addition of bicar- 
bonate sufficient to make the mixtures slightly alkaline to litmus 
The presence of alkali in the mixture leads to destruction of 
the sugar, though toluene was abundant in the mixtures and they 
were well shaken every twelve hours to insure saturation through- 
out the mixtures There was no evidence of putrefactive changes 
in any of the mixtures, though bactenal count was not made It 
IS possible that in alkahne reacting “Breis” bactenal action was 
not wholly checked by the toluene, though this explanation of the 
destruction of sugar seems unlikely In all the digests acidity is 
developed presumably through the action of lipase on the butter 
fats present 


TABLE vr 


NO 

HOURS 

1 

Ol^ND 

PRESENT 

reduction' 

average 

' TOTAL 

A\ AIL\BLE! 

1 RATIO 

1 

REMARKS 

1 

0 

per cent 

35 

0 3995 

1 

0 5772 

1 445 


2 

96 

35 

0 3541 

0 6052 

1 427 


3 

168 

35 

0 2735 

0 3982 

1 456 

Alkaline 

4 

168 

35 

0 3731 

0 5220 

1 402 


5 

168 

35 

0 3201 

0 4648 

1 452 

Alkaline 
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DISCUSSION 

It IS quite evident that under the conditions of these experi- 
ments no appreciable liydroiysis occurs Therefore no lactase is 
present, for our only criterion of an enzyme is the demonstration 
of its activity It is possible that a proenzyme normally present 
has not been activated, though conditions have been varied m the 
hope of producing such activation Blood of the ammal has been 
added to the mixtures, to determine whether it might not carry 
some kmase to the gland Digestions have proceeded under 
neutral, slightly acid and slightly alkaline conditions Sugar has 
been added at once to the freshly prepared gland-brei, and to 
“Brei” nhich has autolyzed for twenty-four hours The result 
has been negative in each case In certain digestion mix-tures 
there has been an increased reduction observed as digestion con- 
tinued, vhich might have been imstaken for hydrolysis of lactose 
M ere it not for the control hydrolysis by acid In such cases the 
evidence points to the formation of a reducing disac«ahande rather 
than to the conversion of chsacchande to monosaccharides of greater 
total reducing power It seems safe to assume that this disac- 
charide is lactose, developed from some mother substance already 
laid up 111 the gland cells at the time of death This mother sub 
stance may be analogous to glycogen, though the negative results 
of Poicher and other investigators makes this improbable, or it 
may be some more complex compound like a protein-lactose con- 
jugation The very fact however that autolyzmg mannnary 
tissue develops a reducing disacchande, presumably lactose, is 
itself strong evidence that lactose is not built up by the enzyme 
lactase in the active gland 

There is further evidence that the production of lactose is not 
through the immediate agency of hctase The secretion of milk 
IS a violently eruptive process in which cells are ruptured and their 
contents poured out into the ducts Following the manipulation 
of the teat by the suckling young, this eruptive secretion is set in 
motion bj a reflex nervous mechamsm During the penods be- 
ti\ een suckling, the milk precursors are stored in the mammary 
cells as IS shoivn by the swelling of the whole gland If lactase 
were present at the moment of secretion it would certainly be swep 
out of the cells along wath the milk constituents and would appear 
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m the secretion If it were present in the milk, dextrose and galac- 
tose would gradually appear in place of the lactose But dextrose 
IS not found m normal fresh milk, nor on standing a few hours or 
days does it appear At the moment of secretion therefore we 
must conclude that the enzyme is not present It is possible that 
mammary lactase is an enzyme which is destroyed almost as rapidly 
as formed, but such a h3TDothesis is wholly without foundation in 
data thus far collected Lactase from other sources is apparently 
quite resistant 

So far as this expenment goes, then, it gives no confirmation 
of the theory of enzyme syntheses On the contrarj’^ it is so 
thoroughly negative in its results and so crucial in character that 
it must cast some doubt upon the general hypothesis It appears 
justifiable to conclude that lactose of the milk is not synthesized 
through the agency of the enzyme lactase 




THE ACTION OF YEAST ON YEAST NUCLEIC ACID 
By SAMUEL AMBERG and WALTER JONES 
{From Ihe Department of Physiological Chemistry, Johns Hopkins University ) 
(Received for pubbcation, November 12, 1912 ) 

Upon a former occasion we showed that rabbit's serum brings 
about a depression of the optical rotation of yeast nucleic acid 
without setting free either phosphoric acid or purme bases and 
apparently without causmg any deep-seated chemical alteration of 
the substance On the other hand thymus nucleic acid was found 
unchanged in any way by rabbit’s serum smce not even an altera- 
tion of the optical properties could be observed * In the meantime 
Levene and Jacobs^ have been led to conclude that the two nucleic 
acids are qmte dissimilar m their chemical constitution so that 
differences in their biological conduct are to be expected 

We have recently had occasion to note a very marked difference 
in the behavior of these two nucleic acids towards various prepara- 
tions of yeast, having uniformly found that yeast nucleic acid 
disappears, while under the same conditions thymus nucleic acid 
persists 

Experiments were made with a number of preparations, espec- 
ially brewer’s yeast, compressed yeast and yeast powder which 
we prepared by the method of Lebedew,® but the results were 
always the same in that thymus nucleic acid was unchanged and 
could be precipitated by the addition of sulphuric acid while 
yeast nucleic acid disappeared and its decomposition products 
could be found Thus a 1 5 per cent solution of yeast nucleic 
acid was completely decomposed by compressed yeast extract 
in three days while a solution of thymus nucleic acid under the 
same conditions was apparently unchanged after digestion for 
nineteen days In an experiment vuth extract of yeast povder 

* Amberg and Jones this Journal, \, p 81 

^ Ibid , XU, p 411 

’ ZeilscTir f physiol Chem , K\iu, p 447 
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a 4 per cent solution of yeast nucleic acid -was completely decom- 
posed m three days while a 0 5 per cent solution of thymus nucleic 
acid was unaltered at the end of a month 
The decomposition products of yeast nucleic acid obtamed under 
the conditions stated are not without interest as will be seen from 
the following general summary of results 



COMPRESSED TEAST 

TEA8T POTTOEB 

Autolysis 

Ademne and xan- 

Ademne and guan- 


thine 

me 

With addition of yeast nucleic 

Ademne and guan- 

Ademne and guan 

acid j 

me 

osme 


It will be observed first, that where one is dealmg with an 
umnjured yeast preparation (as compressed yeast) and where the 
amount of nucleic acid to be decomposed is comparatively small 
(as in autolysis) the ademne group is set free but not deammized 
while the guamne group is both liberated and deamimzed This 
may be defined as the normal condition for yeast and is m accord 
with the older findmgs that yeast contains guanase but no aden- 
ase But the occurrence of ademne and the failure of hypo- 
xanthme among the products of auto-digestion of yeast are matters 
that are unique in nucleolysis There are two paths along which 
hypoxanthme may be formed from yeast nucleic acid the one 
by liberation and deaminization of adenine, a decomposition to 
which the presence of adenase is indispensable, the other, hy 
the mitial formation of adenosme which is transformed succes- 
sively into hj^poxanthosme and hyqioxanthme, a succession of reac- 
tions which can occur in the absence of adenase 


\ r 

0 = PO CsH.O, CtHjN.CNH,), 

ho/ ' 

Fragment of yeast nucleic acid 


CiH,0, C,H,N4(NH,) C.H,0. CsHjNitOffl 

Adenosine 

CsH,N4(NH ) > 

Adenine HiTOxanthine 


Most animal tissues do not contam any adenase so that one 
of these paths of hypoxanthme formation is out of ion, 


‘ Straughn and Jones this /owmal, vx, p 245 
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nevertheless all such tissues brmg about a formation of hypo- 
xanthine from nucleic acid' and evidently along the second path 
under consideration But the yeast is charactenzed by its ina- 
bility to brmg about a deaminization of the adenine group (whether 
this be free or in combination) and therefore cannot produce 
h3rpoxanthme from any of its purine precursors It will be seen 
in the experimental part which follows that, no matter how the 
experiment is arranged adenme is always formed, hypoxanthine, 
never 

In the second place, it will oe noted, that yeast powder which 
was prepared by mampulation of yeast has lost the power of 
converting guamne into xanthine, which is to say, the ferment 
guanase, normally present m fresh yeast, has been destroyed 
We have had occasion to notice the easy destruction of guanase 
in other connections For instance, a dog’s liver was perfused 
with large quantities of distilled water until all hemoglobin had 
been removed An extract of this bloodless liver was found free 
from guanase although a second dog’s liver perfused with normal 
saline was found to possess the ferment ummpaired In both 
instances hypoxanthine was found but no ademne 

Fmally, it may be observed that the end products of the action 
of yeast on yeast nucleic acid depend upon the imtial amount of 
nucleic acid to be decomposed — ^a curious phenomenon which was 
produced both by fresh yeast and by yeast powder Compressed 
yeast proceeds with a small amount of nucleic acid as far as xan- 
thine but when the initial amount of nucleic acid is considerablj 
increased, guanme is found as the end product Similarly, yeast 
powder can liberate guamne from a small amount of nucleic acid, 
while a larger amount of nucleic acid proceeds only as far as guano- 
sine 

The isolation of purine derivatives and phosphoric acid from 
digested yeast preparations is much more difficult than in the 
case when one is dealmg with glandular extracts, so that severe 
losses often occur m the estimation of the products of digestion 
Nevertheless the results obtained are sufficient to establish the 
conclusions that have been stated 


' Amberg and Jones Zextsehr f -physiol Chem , Kxiu, p 407 
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EXPERIMENTAL PART 


Experiment I 
19 days 

685 cc for 


300 grains compressed yeast, 1000 cc water digestion, 

Without 

purine bases hydrolysis 

cram 


Adenine picrate 0 661 

Xanthine ^ 0 117 

100 cc for phosphorus 

Mg NH, PO, GH O 0 660 


Experiment II 275 grams compressed jeast, 920 cc water, 15 grams 
yeast nucleic acid digestion, 19 days 



Without 

After 

400 cc for punne bases 

hydrolysis 

hydrolysis 


pram 

gram 

Adenine picrate 

1 115 

1 237 

Guanine 

0 135 

0 310 

Xanthine 

0 0 

0 060 

Hypoxanthine 

0 0 

0 0 

50 cc Jor phosphorus 

Mg NH, PO^ CHjO 

0 592 

0 549 


The increase in the amount of purine bases by hydrolysis may have been 
due to the presence of their precursors in the digested product, but it is 
likely that hydrolysis removed substances affecting the solu^iility of siUer 
and copper compounds used in the isolation 


Experiment III 100 grams compressed yeast, 300 cc 
guanine chloride digestion, 19 days 

SBO cc for purine bases 

Adenine picrate 
Guanine 

Xanthine (loss through accident) 

HypoNanthine 


water, 375 mgm 

Without 

hydrolysis 

pram 

0 111 
0 0 
0 075 
0 0 


Experiment IV 
8 days 


A.domne picrate 
Guanine 
Xanthine 
Hy poNanthine 


100 grams compressed yeast, 300 cc water digestion. 

After 

hydrolysis 

ffram 

0 365 
0 064 
0 083 
0 0 
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Experiment V 100 grams compressed jeast, 300 cc 
guamne chloride digestion, 8 dajs 


Ademne picrate 
Guamne 
Xanthine 
Hj^poxanthine 


water, 300 mgm 


After 

hydrolysib 

Oram 

0 217 
0 064 
0 315 
0 0 


Experiment VI 150 grains 3 east powder, 750 00 water digestion, 10 
days 



Without 

After 

ZOO cc for punne bases 

hydrolysis 

hydrolysis 


gram 

gram 

Adenine picrate 

0 141 

0 360 

Guanine 

trace 

0 189 

Xanthine 

0 0 

trace 

Hypoxanthine 

0 0 

0 0 

ZO cc for phosphorus 

Mg NHi PHiGHjO 

0 347 

0 370 


Experiment VII 150 grams 3 east powder, 750 cc water, 26 5 grams 
yeast nucleic acid- digestion, 10 days 
The product proved difficult to handle After a number of attempts 
at filtration and centrifugation in which a large amount of the material 
was either lost or abandoned, a small quantity of perfectly transparent 
fluid was finally obtained, but what proportion of the entire material was 
contained in this fluid we are unable to state The solution was treated 
by the method of Levene and Jacobs* as follows Neutral lead acetate 
was added to the boiling hot fluid and the filtrate from the lead precipitate 
thus formed was treated with additional lead acetate and ammoma This 
second lead precipitate was decomposed with sulphuretted hydrogen, the 
filtrate from the lead sulphide evaporated under diminished pressure and 
the macrocrystalline substance which deposited from the concentrated 
flmd by cooling to zero was washed first with cold water and then with al- 
cohol After a second crystallization from 80 per cent alcohol the material 
was dried in a desiccator and weighed The 3 ueld was 0 928 gram of guano- 
sine The most perfect crystals of the substance were obtained b 3 treat- 
ing a hot solution in water or 10 per cent alcohol, with enough acetone to 
produce a turbidity, and allowing it to cool The substance consisted of 
perfectly white aggregations of fine needles with pearl 5 ' lustre and could 
not be distinguished in any way from guanosme prepared the neutral 
hydrolysis of yeast nucleic acid under pressure It did not contain any 
phosphorus 


* Levene and Jacobs Ber d deulsch chem Gesellsch xlii p 2474 2703, 
Lei enc and La Forge ibid \liii, p 3150 



446 Action of Yeast on Yeast Nucleic Acid 


0 1738 gram substance required 11 33 cc of standard sulphuric acid (1 
cc = 0 00331 gram nitrogen) 

Calculated for 

CcHiNtO C»HiOi^HsO Found 

N 21 94 per cent 21 52 per cent 

500 mgm of substance were hydrolyzed with 5 per cent sulphuric acid 
On cooling, the solution deposited colorless transparent crystals of guanine 
sulphate, and a drop of the supernatent fluid gave a strong reduction with 
Fehling’s fluid with production of red cuprous oxide (d-ribose) The crystals 
of guanine sulphate were gotten again in solution by heating and the guan- 
ine was precipitated with ammoma 0 238 mgm guanine was obtained 
Theoretical guanine from guanosinc, 47 3 per cent, found, 47 6 per cent 
The guanine after weighing was converted into various denvativcs in- 
cluding the charactenstic chlonde and was thus thoroughly identified 
The ammomneal filtrate from guanine after removal of the ammonia 
by boiling produced no precipitate wuth picnc acid The substance under 
discussion IS guanosine beyond doubt 

We go somewhat into detail concerning this matter because we 
believe no one has hitherto desenbed the isolation and identifica- 
tion of guanosine formed by the action of ferments on yeast 
nucleic acid Of course guanosine could not be formed from thym- 
us nucleic acid Recently, Schittenhelm, London and Wiener 
examined the products of the action of intestmal juice on thymus 
nucleic acid and report the more or less certain finding of 
guanyhc acid, guanosine and adenosme ’ Levene and Jacobs® 
undertake to clear up the apparent discrepancy in the following 
language “Schittenhelm, London and Wiener have thought that 
they obtained guanosine on the digestion of thymo-nucleic acid 
by intestinal juice The substance isolated by them gave the 
orcin test and had the appearance of guanosme However, thymo- 
nucleic acid contains no pentose and therefore cannot yield guano- 
sine (guanme nboside) Undoubtedly the nucleic acid employed 
by them was contaminated with guanyhc acid This consider- 
ation does not vitiate in any way the conclusion of those writers 
concemmg the mechanism of nucleolysis ” ^ 

are inclined to believe that the considerations of Levene and 
Jacobs do rather profoundly affect the conclusions of those writ- 
ers, we may be permitted to ask if the adenosine obtamed by 
Schittenhelm, London and Wiener also undoubtedly resulted from 
the guanyhc acid with which their specimen was contaminate 

1 Zextschr f physiol Chem , Ixxu, p 459 
' This Journal, xii, p 377 
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SEVENTH PAPER 

THE METABOLISM OF A DWARF 

By P H McCRUDDEN and GRAHAM LUSK 

{From the Physiological Laboratory of the Cornell Medical College, 

New York City ) 

(Received for publication, November 13, 1912 ) 

Rubner* made experiments upon an American dwarf calling 
himself “General Mite” who was twenty years old and weighed 
only 6 6 kilograms This corresponds to the weight of an infant 
at the breast The individual in question ate a mixed diet and 
behaved m general like an adult He exhibited himself m pubhc, 
as a professional freak, dancing and singing He produced daily 
531 calories or 80 5 per kilogram of body weight, which may be 
contrasted with 70 1 calones per kilogram of body weight m an 
infant at the breast weighing 5 4 kilograms as determined by 
Rubner and Heubner Per square meter of surface the active 
dwarf produced 1231 calones whereas the more quiet child pro- 
duced 1006 An infant given cow’s milk produced 1143 calories 
per square meter of surface Rubner found in these figures the 
proof that size and not age determined the intensity of the me- 
tabolism 


EXPERIMENTAL PART 

The individual upon whom the following expenments were 
performed was a patient living at the Rockefeller Hospital for 
Medical Research who was brought to this laboratory for intro- 
duction into the calorimeter His condition was that described 
by C A Herter^ as intestinal infantilism His metabohsm as indi- 

' Rubner Biologische Gesetze, Marburg, 1887, p 10, Beiirage zur Ern6h- 
rung im Knabenalter, 1902, p 45 

* Herter On Infantilism from Chronic Intestinal Infections, 1908 
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TAB 


Metabohm of 


DATE 

' ? 

u 

2 

e 

u 

u 

TDIC 

i 

1 

1 

COi 

1 

1 

1 

1 

Oi 

1 

HrO 

1 URINE 

1 

1 

KOV PBOTTPf 

CALOSII8 

CXh 

0, 

R Q 

0 

5 

0 

« 

op 

ssE 

mi 


! 

p rn I 

ttrcmt f 

ffmma 



gram j 

from* 

ffram* 




Apnl 6 

1 

I 1 u-2 ai 

12 02 

11 34 

:0 77 ' 

20 os 0 211 

10 Oo 

9 5€ 

0 76 

5 59 

31 79 


1 

2 at-3 84 

11 os' 

0 GG 

j 0 90 

20 93 0 211 

1 

10 01 

7 88 

0 92 

5 59 

27 32 

April 7 

1 

2 

1 

I 1 34-2 34 ! 

1 

12 Oo 

1 

11 27 

1 

1 0 78 1 

17 0 230 

9 90 

9 33 

0 77 

0 10 

31 18 


t 

' 2 34-3 34 

i ' 

11 53 ' 

1 

9 S7| 

; 0 85 1 
1 

18 74 

‘ 0 230 
1 

, 9 37 

j 

j 7 93 

0 so 

6 10 

27 06 


1 

1 a m 

1 


, 1 


1 

1 

I 




April 8 

1 3 

11 10-12 10 

10 00 

9 52 

0 70 1 

10 14 

0 102 

8 49 

8 15 

0 70 

4 29 

27 09 



12 10-1 10 ; 

1 000 , 

1 

S 97j 
1 

0 82 1 

10 ss 

0 102 

1 , 

8 39 ' 
1 

7 00 

0 SO 

4 29 

25 45 

April 21 

i 4 

11 02-12 02 

1 

12 C7| 

11 10 0 83 ' 

1 

18 91 

1 1 

0 177i 11 02 

9 00 

0 84 

4 09 

32 60 



12 02- 1 02 

1 

11 20 

9 3&' 0 87 
' 1 

24 42 

. 0 177j 

9 5o 

7 so 

0 SS 

4 09 

20 9o 


1 1 

1 

noon 

1 

1 

1 

1 

j 

1 

10 2 ] 





Ma} 1 

1 ® 

12 00-1 00 i 

11 90 

10 20 

0 85 1 

28 91 

0 179 


8 75 

0 S5 

4 74 

29 76 



1 00-2 to 

11 C9 

t 

9 65' 0 89 

1 

1 

24 41 

1 

0 179 

0 

S 

OO 

£ 

0 91 

4 74 

27 79 


cated bj' analyses of his urine and feces has already been elsewhere 
reported by one of the wTiters ® The individual J P was seven- 
teen years old, 113 3 centimeters high and w eighed 21 3 kilograms 
naked This gave him a calculated surface area of 0 946 square 
meters He was accustomed to laboratory procedures Introduc- 
tion of the electrical resistance rectal thermometer and the subse- 
quent hours spent m the calonmeter w ere in no wa}"^ disturbing to 
him He lay on a mattress placed on the floor of the calonmeter, 
his head restmg on a pillow He was provided with illustrated 
penodical': which he usuallj read dunng the first hour of the 

’ McCrudden Journ of Exp Med, xv, p 107, 1911, McCrudden and 
Falcs ihxd , XV, p 113, 1912 
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LE I 

a duar/ J P 


cvt-oniTs 

DODT 

TEMPERATURE 

' £ 

' 0 



1 - 1 



I 

H 

BEHA^ lOR 

FOOD 

aS 1 

t 

■0 




HO HH 

1 

3 

w 

H 

Q 

0 

a 



. 1 




kgm 


1 

37 3S 36 C8 

37 40 

' 37 31 

-0 09, 

1 21 3 

1 Asleep 12 mm 

1 No breakfast At 11 30 am 20 

32 91, 32 72' 


37 10 

-0 21 


Asleep or quiet 

1 grams rice made into a pudding 

70 29 09 40 






1 mth cream and sugar 

37 2S 

37 19 

37 03 

-0 16 


Quiet and reading 

1 No breakfast At 11 30 a m 123 

33 16} 


36 92 

-0 11 


Quiet 

grams tenderloin steak (=4 2 

70 44' 1 

1 






grams N ) Refused to eat more 

1 

31 3S' j 

37 28 

37 15 

-0 13 


Quiet 

1 No breakfast No food 

29 74 ! 


36 95 

-0 20 


Quiet 1 

1 

61 I2I 1 







1 i 

37 29 32 33 

37 20 

: 37 20 

-0 ooj 


Quiet and reading 

Breakfast at 6 30 a m One glass 

31 C4 34 70 


37 OS 

-0 12' 


Qmet 

milk toast and one half an 

OS 93' 67 03 



1 



' orange 

34 50^ 33 98 

36 91 

30 47 

1 

-0 44 


Awake 

Customary breakfast 

32 53 30 87 


30 31 

-0 16 


1 Awake and asleep 

(no record) 

07 03 04 80 

1 






experiment 

after 

' which 

he fell asleep 

or remained perfectly 


quiet 

The analytical results were obtained at an environmental tem- 
perature of 26° to 27° and are presented m Table I 

The basal metabolism 

As m the case of the determination of the basal metabolism 
of Dog II, this experiment was made about eighteen hours after 
the ingestion of the last meal The dwarf partook of no breakfast 
He complained a little of weakness He vas qmet throughout 
the experiment, the results of which were as follows 
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Expenmenl 3 Metabolism of J P , eighteen hours ajter food ingestion 


TUIE 

1 

cnisE 

' N 

SON- 

PBOTEIN 

R Q 

j CALOniES 

Protein 

Non 1 
protein | 

Total 

calculated 

a m 

11 10-12 10 

12 10- 1 10 

0 162 

0 162 

1 

0 76 

0 80 

4 29 

4 29 

27 09 
25 45 

i 

31 38 

29 74 

61 12 


These figures show an average basal metabohsm of 30 56 cal- 
ories per hour Calculated for the day the total heat production 
V ould be 733 calories, or 29 per kilogram of body weight and 775 
per square meter of body surface This last figure corresponds to 
those representing the basal metabohsms of Dog I (weight = 
13 8 kgm ) and Dog II (weight = 93 kgm ) which were 759 and 
784 respectively All these figures agree withm 3 per cent and 
the results show' the venty of Rubner’s law of skm area but place 
the amount of heat eliminated at a lower level than Rubner’s 
figures indicate This is because the expenments were performed 
when food was absent from the mtestine and a condition of com- 
plete rest and absence from thermal influences prevailed Sim- 
ilar results may be calculated from Rubner’S* own observations 
(E'cpenments 39-40) on a w'ell-trained quiet dog weighing 4 6 
kilograms which, durmg the first and second days of fasting, was 
kept at an environmental temperature of 33° The surface arga 
of this dog may be calculated to be 0 3079 square meter and 
the heat production at 746 and 752 calones per square meter of 
surface on the first and second days of fasting 

It IS apparent from this that the basal metabolism is a truer 
startmg point for comparative studies as regards the law' of sbn 
area than are expenments w'hich include mechanical work, thermal 
influences and the results of food ingestion 

From Benedict’s monograph on Inamtion,® one may estimate 
the basal metabohsm m man as calculated from a mght peno 
extendmg from 1 00 to 7 00 a m and beginmng thirty hours after 
the last ingestion of food The following table shows the basa 

< Rubner Die Geselze des Bnergteverbrauchs, 1902, p 323 
‘Benedict Metabolism in Inanition, Carnegie Institution of t'astung 
ton, 1907, pp 480-83 
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metabolism of various individuals, founded on the heat production 
per square meter of surface calculated for twenty-four hours 


Table shomng calories per square meter of surface in twenty-four hours based 
upon the minimal night metabolism from the thirtieth to thirty-sixth hours 
of fasting in man 


EXPERI- 

MENT 

NUMBER 

1 

INOn, IDUAL 

1 BODY 
WEIGHT 

1 PER SQUARE 
METER OF i 

BODY SURFACE ' 

BEHAMOR 




1 Iffm 

caloTtes . 


59 

B F 

D 

67 8 

834 8 1 

Good sleep till 6 35 a m 

68 

A L 

L 

72 9 

809 5 

Asleep 

69 

A L 

L 

73 8 

905 7 

Not stated 

71 

S A 

B 

58 2 

771 8 

Asleep 

73 

S A 

B 

59 1 

856 3 

Asleep till 3 30 then awake 
every hour 

75 

S A 

B 

59 5 

858 2 

Slept fairlj well 

77 

S A 

B 

61 6 

893 8 1 

Felt too warm all mght 

79 

H E 

s 

1 

57 2 

1015 

Got up at 2 24 a m thinking 
it mornmg Sick at stom- 
ach vhen he got up 

80 

C R 

Y 

69 3 

940 4 

No record 

81 

A H 

M 

62 0 

738 8 ' 

Slept well all night 

82 

H C 

K 

71 5 

886 2 

Awoke early 

83 

H R 

D 

55 6 

954 4 

Sound sleep Aiiake once 

85 

N M 

P 

67 6 

935 1 

Woke up twice Pneumo- 
graph uncomfortable 

89 

D W 

79 1 

865 6 

Woke up at 3 45 a m Dozed 
after this 


Benedict on p 06 states of the experiment on A L L "fasting experi- 
ment made under conditions ideal for obtaimng minimum muscular activ- 
ity” and on p 107 he describes subject S A B as being of " highly nervous 
temperament ” 

In experiments 59, 68, 71, 81 and 83 the individuals slept soundlj 
all night In the last named expenment (No 83), the heat pro- 
duction was exceptionally high, 954 calories per square meter of 
surface In the other four experiments the values 835, 809, 772 
and 739 are found to average 789 calones per square meter of 
surface The vanation amounts to the considerable figure of 13 
per cent, but the average is equal to the heat production found 
m our experiments 

The total heat production of the dwarf, therefore, conforms 
to Rubnei’s general law of skin area, which is a fundamental law 
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of metabolism Only m the case of infants has exception to 
this law been found Howland® has shown that the metabohsm of 
sleeping infants eighteen hours after food ingestion reaches 1100 
calories per square meter of surface, indicating a higher heat pro- 
duction in the youthful protoplasm than is present m the adult 

As regards the kind of energy yielding matenal oxidized by 
the dw arf, it is noted that 14 per cent of the energy of metabolism 
IS derived from protein and 86 per cent from fat and carbohydrate, 
a proportion which is entirely'^ normal 

The effect of food ingestion 

Several experiments were performed to note the effect of food 
ingestion On one mommg no breakfast was taken until 11 30 
a m when a large tenderloin steak was given Of this only the 
equivalent of 123 grams of fresh lean meat was eaten, with a 
nitrogen content of 4 2 grams This small quantity hardly raised 
the nitrogen elimination in the urine and caused no pronounced 
effect upon metabohsm A summary of all these expenments is 
presented below 


Melahohsm of J P after food tngesUon 


o 

y 

(4 

TIME 

K 

D 

z 

b 

Protein 

CALO 

Non- 
pro toln 

niEB 

Total 

calcu- 

lated 

Total 

found 

FOOD 


p m 








1 

1 34-2 34 

0 211 

0 76 

6 59 

31 79 

37 38 

36 68 

Carbohydrate 


2 34-3 34 

0 211 

0 92 

5 59 

27 32 

32 91 

32 72 

and fat at n ^9 







70 29 

69 40 

a m 

2 

1 34-2 34 

0 230 


6 10 

31 18 

37 28 


Meat at 11 30 am 


2 34-3 34 

0 230 

0 86 

6 10 

27 06 

33 16 









70 44 




a m 







Breakfast at 6 30 

4 

11 02-12 02 

0 177 


4 69 

32 60 

37 29 

32 33 



0 177 

0 88 

4 69 

26 95 

31 64 

34 70 

a m 







68 93 

67 03 











5 

maSm 

0 179 

0 85 

4 74 

29 76 

34 50 

33 98 

Breakfast 




0 91 

4 74 

27 79 

32 53 

30 87 








67 03 

64 85 

___ 


' Howland Ztxlschr f physiol Chem , Ixxiv, p 1, 1911 
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In the four experiments cited above the calories of the protein 
metabohsm amount to 16, 17, 14 and 15 per cent of the total 
metabohsm which indicates the presence of entirely normal con- 
ditions 

The results presented naturally fall into two divisions, (1) the 
first hours dunng which illustrated papers or a book were bemg 
read prior to complete relaxation or sleep and (2) the second hours 
during which the boy was qmet or asleep throughout the period 
During three experiments the calculated heat production dur- 
ing the first hour was 37 38, 37 28 and 37 29 calones per hour, 
an average of 37 33 calories During the second more quiet hours 
the heat production fell to 32 91, 33 16, 31 64 and 32 53 calories, 
an average of 32 55 Comparing these figures with the value 
of the basal metabohsm the following results are obtained 




INCBEABI: 

Calories 

Per cent 

Basal metabolism 

Metabolism resting in bed after 
food 

Metabolism reading papers in bed j 

30 56 

32 55 

37 33 

+1 99 
+4 78 

■ 


The experiments therefore led to the conclusion that the influ- 
ence of small quantities of ingested food is to increase the me- 
tabohsm by 6 6 per cent, whereas muscular work attendant upon 
reading in recumbent position causes a still further increase of 
14 7 per cent The influence of very moderate muscular activity 
is shown pronouncedly 

Calculated on the basis of twenty-four hours the metabolism 
may be measured as follows 



1 CALORIES m 24 HOURS 


Total 

Per kilogram 

Per square 
motor of suiface 

Basal metabolism 

1 733 

1 33 

775 

Metabolism, reading after food 

896 

1 42 

947 


The authors gratefully acknowledge the assistance of Dr H 
B Williams and Mr J A Riche in the performance of this v ork 
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CONCLUSIONS 

A dwarf, suffenng from infantilism, seventeen jears old and 
weighmg 21 3 kilograms had a basal metabohsm of 775 calones 
per square meter of surface m twenty-four hours which may be 
contrasted with 759 and 784 m two dogs of different weights 
The basal metabohsm was mcreased 6 6 per cent as a result of 
the mgestion of food, and this agam was increased by 14 7 per 
cent when the boy was readmg illustrated penodicals m bed 
The protem metabohsm ynelded the normal proportion of 15 
per cent of the total calones of heat production 
Nothing abnormal could be detected m the metabolic processes 
of the individual, as determmed from these calonmetnc obsena- 
tions 


ON THE REFRACTIVE INDICES OF SOLUTIONS OF 
CERTAIN PROTEINS 

VIII GtOBIW 

Br T BRAILSFORD ROBERTSON 

(From the Rudolph Spreekels Physiological Laboratory of the University of 

California ) 

(Received for publication, November 16, 1912 ) 

A THE PREPAHATION OP GLOBIN ^ 

Globin was prepared from ox corpuscles by three different modi- 
fications of the method of Schulz^ as follows 

A thick suspension of ox corpuscles was obtamed from freshly 
defibnnated ox blood by centrifugahzation, the volume of the 
suspension bemg about one-third that of the blood from which 
it was denved 

After pipettmg off the supernatant serum the suspension was 
diluted to the ongmal volume of the blood from which it was 
derived by the addition of ^ NaCl solution, and the centrifugah- 
zation was repeated, the supernatant flmd being removed as 
before This was repeated six times m order to free the corpuscles 
from adherent serum After the last centrifugalization the cor- 
puscle suspension was not diluted again with NaCl 

The thick suspension of corpuscles which was thus obtamed 
was diluted to ten times its volume by the addition of distilled 
water, the corpuscles were thus “laked” and the contained haemo- 
globin was discharged into the water, forming a clear solution 
which was allowed to stand in tall glass vessels for twenty-four 
hours in order to pernut the leucocytes to settle The upper 
portion of the flmd was then decanted and employed, the lower 
portion of the flmd being rejected 

' I am indebted to Dr Charles B Bennett for assistance in some initial 
attempts to prepare this substance 

• Fr N Schulz Zeiischr f physiol Chem , x\iv, p 449, 1898 
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It has been shoivn by Preyer,® Schulz^ and others that the 
addition of a sufficient concentration of acid to a solution of 
haemoglobin results in its decomposition mto haematin and a 
protein, globm The former of those substances is readily solu- 
ble in acidified ether, hence this decomposition affords a means 
of prepanng globm and separating it from haematin Schulz 
points out, however, that the concentration of acid employed to 
bring about the decomposition of the haemoglobm is of great 
importance m determimng the completeness or otherwise of the 
subsequent extraction of the haematin by ether, and my own 
expenments abundantly confirm this observation If too small 
a quantity of acid be employed the haematin is only very mcom- 
pletely removed from the aqueous layer by extraction with ether 
If too large a quantity of acid be employed the globm is denatured 
and forms with the ether a species of gel leaving the subnatant 
aqueous layer clear and colorless but free from globm ‘ I have 
in no instance been able to obtain a perfectly colorless aqueous 
layer which still contains globm in a form precipitable by 
ammoma 

Prehrmnary expenments mth the solution of corpuscles descnbed 
above showed that the addition of 0 25 equivalent of HCl per 
liter afforded the best results The aqueous layer was still con- 
siderably colored, but 0 38 eqiuvalent, while permittmg almost 
all the color to be extracted from the aqueous layer, also caused 
the greater part of the globm to leave the aqueous layer' On 
the other hand, 0 13 equivalent left the aqueous layer, after 
extraction with ether, very deeply colored and the separation 
into two layers was also very mcomplete 

Accordingly 2 5 liter portions of the corpuscle solution were 
placed m six-hter bottles, to the contents of each bottle were 
added 56 cc of concentrated HCl (specific gravity 1 18) and the 
mixture was thoroughly shaken and allowed to stand at room 

’ Preyer Die Blutkrystalle, Jena, 1871 
*Pr N Schulz loc cit 

‘ That IS, failing to j leld a precipitate upon the addition of anMonia 
‘ Dr Charles B Bennett finds that once the decomposition of the 
globm into globin and haematin hydrochloride has been brought a 
by hydrochloric acid, calcium chloride added to the aqueous *^ther 

same effect upon the partition of haematin and globin between tee 
and water as hydrochloric acid itself 
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temperature for one hour The addition of the acid caused a 
flocculent precipitate to appear and the mixture turned dark 
brown Two and a half liters of ether were then added to each 
bottle and the contents were shaken thoroughly imtil they attamed 
a thick oily consistency Rubber stoppers with two perforations 
were then fitted into the necks of the bottles Through one per- 
foration was inserted a long glass tube reaching to the bottom of 
the bottle, to act subsequently as an air inlet, and through the 
other was inserted a short tube, just reachmg to the bottom of 
the stopper and provided with a rubber tube and pmchcock 
The stoppers were then tied down and the bottles qmckly inverted 
and allowed to stand at room temperature for twenty-four hours 

By the followmg day the contents of the bottles had separated 
into two layers, an upper, jelly-hke, very deeply colored ether 
layer and a lower, still somewhat deeply colored aqueous layer 
measunng about 1 7 liters The latter was drawn off through the 
shorter of the two tubes inserted through the stoppers 

An attempt was made to further decolorize this fluid by adding 
to it more acid and then repeating the extraction with ether, with 
the very peculiar result that the addition of more acid, far from 
favonng the extraction of haematm by the ether, was found to 
actually diminish the amount of haematm taken up by the ether 
In fact the addition of 0 05 or 0 10 equivalent per liter of HCl 
and subsequent extraction with an equal volume of ether resulted 
m a very rapid separation into an almost colorless ether layer and 
a still highly colored water layer, yet, as the expenments cited 
above show, had this acid been added before the first extraction 
it would have led to a more complete extraction of haematm and, 
in addition, to the inclusion m the jelly-hke ethereal layer of the 
greater part of the globm It seems that the ethereal extract of 
the ongmal solution of blood-corpuscles must contain some sub- 
stance or substances which enhance the solubility of haematm 
hydrochlonde in ether and that when these are removed, although 
de-emulsification of the ether solution mixture is accelerated by 
acid, t^e power of the ether to take up haematm from the w ater 
IS dimimshed 

On shaking up the still dark-colored solution with ether vnlh- 
out any further addition of acid, de-emuIsification of the mixture 
was extremely slow I accordingly adopted the device emplo 5 'ed 

THE JOURNAL OF BIOLOOICAL CHEMISTUT ^OT XIII NO 4 
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by Schulz,’ namely, that of adding to the ether one-quarter of 
its volume of alcohol This resulted m qmck separation of the 
mixture, after shaking, into two layers, an upper, ether-alcohol 
layer which was deeply colored and a lower aqueous layer som^ 
what less colored than before 

To 2 hters of the watery layer denved from the first extraction 
were added 2 hters of ether and 500 cc of alcohol, and the mix 
ture was thoroughly shaken After allowing it to stand for a 
short penod the watery layer was drawn off and the axtraction 
repeated tmce After the last extraction the watery layer had 
become a pale opaque brown and the ether layer was only slightly 
colored The watery layer was now diluted to ten times its vol- 
ume by the addition of distilled water, and 150 cc of a 20 per cent 
solution of ammoma were added A precipitate appeared which 
quickly redissolved but on addmg a nearly eqiuvalent amount of 
HCl it reappeared, thus confirming the findmg of Schulz that 
globin IS insoluble m dilute ammoma m the presence of a suffi 
ciency of ammomum chlonde This precipitate was collected upon 
a hardened filter-paper, washed in large volumes of alcohol and 
ether® and dned over H2SO4 at 36® After twenty-four hours it 
was pulvenzed, passed through a fine sieve and returned to the 
incubator to diy over H2SO4 for one v eek The yield from 2 
liters of the aqueous layer obtained after the first extraction, 
corresponding to 3 hters of the ongmal corpuscle solution or 300 
cc of the corpuscle suspension ( = about 900 cc of blood) was 
4 2 grams 

Globin was thus obtained m the form of a hght very fnable 
greyish powder, readily soluble m dilute (tj) acids and alkahes, 


r Loc cii , 

' According to Schulz (loc cil ), globin, after washing with alcohol M 
ether and drying, is much less soluble in dilute alkalies and acids t an 
normal globin I hove not obsericd this It is true that dry globm 
solves much more slowlj than wet globin, but this is a perfectly 
phenomenon with proteins (cf T Brailsford Robertson Die physila tse ^ 
Chemie der Proteine, Dresden, 1912, p 75) and is due simplv 
that tune is consumed in the penetration of the drj sponge-lik^a w 
of dehjdrated protein bj the solvent (Cf T Brailsford Robertson 
p 249 ) I find, however, that if dry globin be brought into contac 
diy acidified alcohol containing 0 1 equiv alent of HCl per hter 
bj passing diy HCl gas into absolute alcohol) not onlv does it fai to is 
but it IS rendered insoluble in dilute aqueous solutions of acitfc 
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3nelding, at a concentration of 2 per cent, light bro'W’n solutions 
This substance ^vl]l be referred to as Preparation I 
I observed that on adding to the watery layer obtained from 
the first extraction four volumes of a mixture of equal parts by 
volume of alcohol and ether, a hght-colored precipitate of globm 
resulted, leaving the fluid very deeply colored, although the addi- 
tion of four volumes of alcohol alone did not produce a precipitate 
Aecordmgly to l-liter portions of the fluid derived from the first 
extraction I added 2 liters of ether and 2 liters of alcohol After 
allowing the precipitate to settle, which it did with tolerable 
rapidity, and decanting the greater part of the supernatant fluid, 
it was collected on a hardened filter, thoroughly drained, washed 
twice with 1 hter of alcohol and twice with 1 liter of ether mthm 
an incubator at 36° over H2SO4 and then dried m the incubator 
for from eighteen to twenty-four hours, at the end of which time 
it was pulverized, sifted and then returned to the incubator to 
dry for a week 

Three 1-hter portions of the watery layer derived from the 
first extraction with ether were treated in this manner The total 
yield from this flmd, corresponding to 4500 cc of the original 
corpuscle solution, 450 cc of the corpuscle suspension and about 
1350 cc of blood, was 37 grams 
Globin was thus obtained in the form of a coarse brovm powder, 
readily soluble in dilute acids and alkalies, juelding, at a concen- 
tration of 2 per cent, solutions somewhat more highlj’- colored than 
those yielded by the preparation previously described This sub- 
stance will be referred to as Preparation II 

The alcohol-ether precipitate of globm, prepared m the manner 
described above, is readily soluble in dilute HCl and precipitated 
from this solution by ammoma 

Accordmglj'- the globm from l-liter portions of the w aterj' la^^er 
derived from the first extraction with ether was precipitated by 
four volumes of alcohol-ether imxture, the precipitate collected 
upon a hardened filter, washed wath 1 hter of alcohol, drained 
and the^ scraped off the paper and dissolved in 1 liter of -ftr HCl 
This solution was then diluted to 4 liters, and 20 per cent ammonia 
solution carefully added until a precipitate just appeared (11 cc ) 
One cubic centimeter more of the strong ammonia w as then added 
and the dense flocculent precipitate collected upon a hardened 
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filter It filtered rapidly, the filtrate being pale yellow The 
precipitate was then washed in alcohol (1 liter), alcohol-ether mix- 
ture (1 liter) and ether (2 liters), the washings with alcohol-ether 
nuxture and ether being conducted wthin an incubator at 36° 
over HjSO^ After draining, the precipitate was allowed to dry 
for twenty-four hours and then pulvenzed and sifted and returned 
to the incubator to dry over H 2 SO 4 for one week 

Two 1-hter portions of the water layer derived from the first 
extraction with ether were treated in this manner The total 
yield from this fluid, corresponding to 3 liters of the onguial cor- 
puscle solution, 300 cc of the corpuscle suspension and about 
900 cc of blood, was 20 6 grams 

Globin was thus obtained m the form of a very pale saffron- 
colored, light, fnable powder, readily soluble in dilute acids and 
alkalies, yielding at a concentration of 2 per cent, light brown 
solutions less colored than those yielded by either of the prep- 
arations previously descnbed This substance will be referred 
to as Preparation III 

Schulz thus descnbes the product which he obtained, startmg 
with crystallized haemoglobin “ Ein gelbliches, sehr lockeres, nicht 
wesentlich hygroskopisches Pulver ” It differs from the majonty 
of proteins by its high content of carbon (= 54 97 per cent, Schulz) 
It is predominantly basic and is considered by Schulz to be a 
histone According to Abderhalden® the globm from horse blood 
yields, on cleavage, notable quantities of leucme (29 per cent) and 
histidine (10 96 per cent ) 

B THE DETERMINATIONS OF BEFRACTIVITY 

Two per cent solutions were made up of each of the above 
preparations in KOH, and portions of these solutions were 
diluted to 1 per cent by the addition of ^ KOH Two and one 
per cent solutions of Preparation III in tv HCl were also prepare^ 
The refractive indices of these solutions and of the solvents (tt 
KOH and -nr HCl) were measured at 18°C, in a Pulfnch r^fractom- 
eter, using d-sodium flame as the source of light 

’ E Fischer and E Abderhalden Zeilschr f physiol Chem , 

268, 1902, E Abderhalden ibid , \xvvii, p 484, 1903, E Abderha en 
L Baumann ibid , h, p 397, 1907 



T Brailsford Robertson 


461 


The following were the results obtained The values headed a 
are calculated from the formula n—tii = o X c where n is the 
refractive index of the solution, rii that of the solvent and c is 
the percentage of protein in the solution 


TABLE I 


n = REFnACTU E * 

SOLUTION 1^DEX OF SOLU- C 

TION AT 18 C 


wKOH 

■^irHCl 

1 per cent Preparation I in ^ KOH | 

2 per cent Preparation I in ^ KOH 

1 per cent Preparation II in KOH ' 

2 per cent Preparation II in ^ KOH | 

1 per cent Preparation III in KOH I 

2 per cent Preparation III in ^ KOH j 
1 per cent Preparation III in ^ HCl 1 
2percentPieparation III in tV HCl | 


1 334G5 


1 33442 


1 33623 

0 00158 =fc 0 00008 

1 33791 

0 00163 =t 0 00004 

1 33607 

0 00142 ± 0 00008 

1 33751 

0 00143 0 00004 

1 33631 

0 00166 =t 0 00008 

1 33799 

0 00167 0 00004 

1 33615 

0 00173 0 00008 

1 33783 

0 00171 =t 0 00004 


It Mnll be observed that m each case, tvithm the experimental 
error (due to a possible error of ± 1' in reading the angle of total 
reflection), the difference between the refractivity of the solu- 
tions and that of the solvent is directly proportional to the con- 
centration of protein dissolved m the solution The values of a 
for the various preparations, however, differ somewhat In order 
to assign to each observation its due weight m deterimmng the 
average values of a for each of these preparations it is necessarj’- 
to add together the observed values of n —ni for the different 
solutions (2 per cent and 1 per cent) of each preparation and 
divide this sum by the sum of the concentrations employed ( = 3) 
Proceeding in this way we obtain 


TABLE ir 


SUB8^A^CE 1 

VALUE OF a 

Preparation I dissolved in tj- KOH , 

0 00161 0 00005 

Preparation II dissolved in -nr KOH j 

0 00142 ± 0 00005 

Preparation III dissolved in KOH 

0 00167 =fc 0 00005 

Preparation III dissohed in tv HCl 

0 00171 ± 0 00005 


The values of a for Preparation III dissolved in -fv KOH and 
in -1^ HCl are identical mtlim the experimental error, their aver- 
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age IS 0 00169 =fc 0 00005 The value of a for Preparation I is 
slightly lower, while that of a for Preparation II is very much lower 
These values obviously correspond with the relative punties of the 
preparations It may be assumed, since both of them are of a 
very light color, that Preparations I and III are both very nearly 
pure, and, as we see, their refractmties are nearly equal Prep- 
aration III, however, having been precipitated twice by different 
methods is less likely to be contaminated by impunties than 
Preparation I On the other hand it is evident from its dark 
color that Preparation II is impure, and we see that its refrac- 
tivity departs widely from that of Preparation III or that of 
Preparation I 

It appears probable, therefore, that the average value of the 
refractmty per gram per 100 cc of solution of Preparation III 
determined above is, within the experimental error of the esti- 
mation, the refractivity, per gram per 100 cc of solvent, of pure 
globin 

SUMMABY 

Globm has been prepared from o\ corpuscles by three different 
modifications of the method originally employed by Schulz 

The value of a (= change in the refractive mdex of the solvent 
due to the introduction of 1 per cent of the protein) for the purest 
preparation obtained, when dissolved in KOH or w 
0 00169 =fc 0 00005 

Less pure preparations yielded lower values of 0 



THE SULPHATroE OF THE BRAIN 

By P A LEVENE 

(From the Laboratories of the Rockefeller Institute for Medical Research, 

New York ) 

(Received for publication, November 21, 1912 ) 

There exists very little definite information regarding the nature 
of the sulphur-containing lipoids The authors who are defendmg 
the individuality of protagon assume that both sulphunc and 
phosphoric acids enter into the structure of its molecule On the 
other hand, Thudichum,’^ on the ground of theoretical considera- 
tions, was led to the belief that the sulphatide is a distinct hpoid 
having some properties m common with the phosphatides Unfor- 
tunately he failed to separate the two substances The ratio of 
sulphur to phosphorus m the purest sample analyzed by this 
author was 3 2, in other samples the ratio was 1 1 

In very recent years W Koch® made the sulphatide the subject 
of a new investigation Koch arnved at the conclusion that the 
sulphatide contained an equimolecular proportion of phosphonc 
and of sulphuric acids The analytical data led him to formulate 
the structure of the substance m the following manner 

(Ci.HmNOs) - O - (SO ) - O - (ChHio.NsPO.) 
or, more graphically, 

O 

II 

Phosphatide — O — S — O — Cerebroside 

II 

O 

Thus the “phosphatide-cerebroside-sulphatide” of Koch con- 
tained all the elements that were supposed to be parts of protagon, 
and m a way the substance may have been regarded with some 
degree of justice as the purest protagon, although W Kochmihtated 
against the existence of fhis complex 

' A Treatise on the Chemical Constitution of the Brain, London, 1S84 

^ Zeitschr f physiol Chem , K\ p 94, 1910 
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The Sulphatide of the Brain 


In course of an investigation into the hpoids of the brain we 
found it possible to isolate the sulphur-containing hpoid of the 
brain entirely free from phospliatides In its physical appearance 
and in many of its properties the substance possessed a great resem- 
blance to other lipoids and had the following composition 

0 1216 gram of the substance gave 0 2714 gram COj and 0 1160 gram HiO 
0 1216 gram of the substance gave 0 2706 gram COj and 0 1150 gram HjO 
0 2000 gram of tlie substance employed for Kjeldahl nitrogen estimation 
required for neutralization 3 3 cc of ^ sulphuric acid 
0 4000 gram of the substance used for a sulphur estimation gave 0 0766 
gram of banum sulphate 

0 4000 gram of the substance used for phosphorus estimation gave a nega- 
tive result 


A companson of the results of the analysis of the samples here 
desenbed, and of those obtained by Thudrehum and by Koch shows 
the following results 



TBVDicnou 

KOCS 

LtyrNE 

c 

47 70 


60 90 

H 

7 54 


10 67 

N 

1 14 


2 31 

P 

3 94 

1 80 

0 00 

s 1 

6 19 

1 91 

2 66 

0 1 

33 49 


23 46 


The substance is dextrorotatory and melts at 210° C (uncor ) 
By the method employed for the preparation and punfication 
of the sulphatide it was not possible to further purify the substance 
Other methods will have to be devised for that purpose 

It must be remarked here that both Tbudichum and Koch found 
that human brain offered a more suitable matenal for the prepara- 
tion of their sulphatide The substance described in this communi- 
cation was isolated from beef brains 

Further work on the chemical structure of the substance is m 
progress 



A NOTE ON THE SUGAR TOLERANCE IN THE PIG 


By A J CARLSON and F M DRENNAN 
{From the Hull Physiological Laboratory of the University of Chicago ) 

(Received for publication, November 27, 1912 ) 

According to Minkowski' almost complete pancreatectomy m 
the pig does not result in as severe diabetes as is the case in other 
mammals The results obtained by Gould and Carlson" with 
almost complete pancreatectomy in two pigs seemed to confirm 
Minkowski’s observation In order to determine whether the 
pig’s tissues possess unusual power to utilize sugars we made the 
following comparisons of the tolerance of two pigs before and 
after complete pancreatectomy Three pigs of nearly the same 
size and age were selected One of these was kept as control on 
the normal rate of growth 

Pig No I 
Weight, 6 kgm 

1911, October 15-ZO Dextrose dissolved in milk in quantities varying 
from 2 5 to 10 grams was given on empty stomach In every case sugar 
appeared in the urine within one hour after giving the sugar by mouth The 
total quantity of sugar excreted was not determined The urine did not 
contain sugar when the pig was fed on milk unless dextrose was given bj 
mouth 

October Extirpation of the pancreas completed at 4 p m Urine 
was voided at 6, at 8 and at 10 p m All the samples contained sugar 

October S3 170 cc of urine passed in twenty-four hours, containing 
10 20 grams of sugar 

October S4 7 am 80 cc of urine, containmg 5 grams qf sugar Animal 
died of peritomtis at 11 am Post mortem showed complete removal of 
the pancreas 


'Minkowski Arth f exp Path u Pharm , \xxi, p 93,1893 
’ Gould and Carlson Amcr Journ of Physiol , xxix, p 174, 1911 
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Pig No II 

October 25-28 Milk diet Quantitj of urine dunng twenty-four hours 
on milk diet, 350-400 cc 

October 29 10 SO a m Fresh sample of urine contained no sugar 

11 00 am 5 grams of dextrose in 50 cc of buttermilk given bj mouth 

12 SO p m 50 cc of urine (2 urinations) contained 0 531 gram of sugar 
145pm 45 cc of urine, no sugar 

2 SO p m 35 cc of unne, no sugar 

October SO 12 m Fresh sample of urine contained no sugar 5 grams 
of dextrose in 50 cc of buttermilk given by mouth 

1 00 p m 40 cc of urine contained 0 216 gram of sugar 

2 00 pm 15 cc of urine contained 0 203 gram of sugar 
2 SO pm 20 cc of unne contained 0 188 gram of sugar 
Total sugar = 0 607 gram 

October 31 9 SO am Sample of urine free from sugar 

10 00 a m 2 5 grams of dextrose in 50 cc of buttermilk given bj mouth 

10 20 a m Sample of urine contained no sugar 

11 00 a m 30 cc of urine contained 0 133 gram of sugar 

12 00 m 28 cc of urine contained 0 250 gram of sugar 
12 SO p m Sample of urine free from sugar 

Total sugar = 0 383 gram 

During the time October 29-31 the pig w as given no food except the quan 
titles of dextrose and buttermilk show n above 

October SI 100pm The pig was allowed to eat as much as it desired 

of a mixture of bread and sweet milk 

2 00 pm 40 cc of urine contained 0 68 gram of sugar 
November 5 10 00 a m The pig was allowed to eat as much as it desired 

of cooked corn meal 

11 00 am 50 cc of urine contained 0 312 gram of sugar 

11 SO am 50 cc of unne contained 0 412 gram of sugar 

12 00 m 35 cc of unne contained 0 143 gram of sugar 

1 00 p m 100 cc of urine contained slight traces of sugar 
Total sugar = 0 87 -h gram 

November 12 After starving for two dajs the pig was allowed to eat 
as much as it desired of cracked com No sugar appeared in the unne 
November 21 Weight of pig, 8 2 kgm Extirpation of the pancreas 
Dunng November 22-28 the daily ration consisted of 75 grams of bread m 
buttermilk 

November 22 310 cc of urine contained 23 grams of sugar 

November 23 350 cc of unne contained 58 grams of sugar 

November 24 605 cc of urine contained 92 grams of sugar 

November 25 460 cc of urine contained 59 grams of sugar 

November 26 835 cc of unne contained 114 grams of sugar 

November 27 900 cc of unne contained 128 grams of sugar 

November 28 920 cc of urine contained 126 grams of sugar j 

From November 29 to January 8 the food consisted of brea 
The sugar excretion in the urine continued about the same as un 
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T\eek of November 22-28, but the pig was put in the metabolism cage each 
day only for the time required to secure one sample of urine 

January 8 The pig weighed 6 2 kgm , having lost 2 kgm since No\em 
ber 21 When the pig was placed m the cage 450 cc of urine were -voided, 
in tu 0 hours, containing 52 grams of sugar The pig was given nothing but 
butterimlk for forty-eight hours 

January 10 270 cc of urine voided in three hours, containing 30 grams 

of sugar The bread and buttermilk ration was resumed 

January IS 937 cc of urine contained 113 grams of sugar The feces 
contained no starch 

January 18 1000 cc of urine Total sugar = 110 grams, total N = 

11 58 grams 

January 81 After feeding 200 grams of bread in 500 cc of buttermilk, 
1300 cc of urine Total sugar = 151 grams. Total N = 14 1 grams 

No food was given January 21-24 

January 88 830 cc of urine Total sugar = 71 grams, total N = 7 72 

grams 

January 33 1410 cc of urine Total sugar = 67 7 grams, total N = 

12 0 grams Weight of pig, 5 72 kgm 

The pig did not seem Co recover well after the starvation period, January 
21-24 The animal did not eat heartily and was lying down most of the 
time On January 26, the animal refused food and water, so it nas killed 
with ether Weight, 5 60 kgm 

Post mortem findings The pancreas was completelj removed The 
stomach was unusually dilated and contained 2280 cc of fluid and ingested 
material There was a large aneurism sac in the fundus (greater curva- 
ture) where the muscle layers were absent The sac had been formed b> a 
rupture of the muscle layerc The duodenum n as greatly dilated and filled 
with fluid The common bile duct was dilated to a diameter of 1 cm 

Pig No lit Control 

Several tests were made of the tolerance to de-vtrose per os mth results 
identical to those reported in the cases of pig I and II On November 21 
(date of pancreatectomv of pig II, weighing 8 2 kgm ) pig III weighed 8 
kgm On January 27 this pig weighed 27 kgm From November 21 to 
January 26 the diabetic pig lost weight at the rate of about 25 grams per 
day, while the normal pig gained at the rate of 300 grams per daj The ac- 
tual loss of body materials by the diabetic pig was greater than these figures 
indicate, for more than a third of the weight of the pig at death represented 
fluid and ingested material in the enormously dilated stomach and duodenum 

1 While the results on pig II show that complete pancreatec- 
tomy IS followed by the fatal diabetes tj^ncal of other species, 
we were impressed by the length of time the pig continued in fair 
condition and vigor It is probable that the pig would have 
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lasted ten to twenty days longer if it had not been weakened by 
the three days’ fast, January 21-23 

We have no explanation for the dilated condition of the stomach 
and the duodenum, unless it be essentially a mechanical effect, 
that is, an insatiate appetite resulting in ingestion of too great 
quantities of food for the weakened stomach walls 

2 The normal pig has a lower tolerance for dextrose, bread or 
cooked starch given by mouth than any species so far studied 
When a normal pig weighing 8-10 kilos shows marked ahmentar}' 
glycosuria when given 2 5 grams of dextrose, and that on an empty 
stomach, the lack of tolerance seems to border on the pathologi- 
cal The lack of tolerance is, of course, due to failure of adjust- 
ment of the rate of absorption to the rate of fixation or storage 
of the sugar We had planned to test the parenteral sugar tol- 
erance m the pig, but that seemed useless on finding the slight 
tolerance per os 

This condition m the pig must lead to waste of calones m 
proportion to the quantity of bread or cooked starch fed 

3 It might be pointed out that the pig is a very convenient sub- 
ject for physiological work involving frequent collections of the 
urine The pig urinates on the average every thirty or forty- 
five minutes The ammal is almost as accommodatang as if one 
had direct access to the ureters 



A NEW (COLORIMETRIC) METHOD FOR THE DETER- 
MINATION OF URIC ACID IN BLOOD 

By otto FOLIN and W DENIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, November 30, 1912 ) 

Notwithstanding the great physiological and clinical interest 
which for more than a hundred years has been attached to the 
“uric acid in blood” no smtable method for the deterrmnation of 
this unc acid has yet been discovered The ammomacal silver 
mtrate method of Salkowski and the cupnc bisulphite method of 
Kruger for precipitating unc acid have indeed rendered valuable 
service, for by their means the presence of traces of unc acid in 
certam kinds of pathological blood has been positively established 
Rough quantitative determinations of the unc acid in such blood 
have also been made on the basis of those methods though it is 
very doubtful how trustworthy have been the results 

Brugsch and Schittenhelm clearly recognize the doubtful character of 
their own quantitative uric acid determinations in blood on the basis of 
those methods,* and in fact regard the determination of as little as 1-3 
mgm of uric acid as practically impossible They emphasize the value of 
the qualitative test for uric acid by the mure\ide test, a point which is veil 
taken in view of the fact that the analytical methods are not sensitnc 
enough to yield positive qualitative tests for the unc acid of normal blood 

An astounding feature of the procedure described bj Brugsch and Schif- 
tenhelm for the detection and quantitative estimation of unc acid in blood 
IS the recommendation- that the blood be treated with hot caustic potash 
solution (2-5 per cent) in connection with the preliminary precipitation of 
the proteins Such a treatment with caustic alkalies is absolutelj fatal 
since it would destroy anywhere from 30 per cent to all of the unc acid 
originally present 

In view of the well-known ease with which unc acid decomposes in alka 
line solutions such a recommendation coming from Schittenhelm, nho for 

^ Zeitschr f exp Path u Ther ,iv,p 440, 1907 , Munch med IVochcnschr 
Ii\, p 2377, 1912 

® Zeitschr f exp Path u Ther , iv, p 441, 1907 
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j ears has been an active contributor in the field of the autolytic formation 
and destruction of uric acid and other purines, is certainly surprising 

As far back ns 1901 Folm and Shaffer called attention to the great insta 
bihf j of uric acid in alkaline solutions and cited figures to show that over 
30 per cent is lost when uric acid is heated on the water bath for forty five 
minutes w ith 15 per cent sodium hydrate solutions ’ Folin and Shaffer 
traced the decomposition of the uric acid by titrations with potassium per 
manganate We have now made another scries of tests by the new colon 
metric determination described m the last number of this Journal and from 
our results cite the following 

1 A 2 per cent NaOH solution containing 10 mgm uric acid per 20 cc 
lost 35 per cent by boiling three minutes 

2 A corresponding (2 per cent) NajCOj solution under the samecondi 
tions lost 16 per cent of the uric acid 

3 ^ 0 5 per cent NnOH solution in three minutes produced a loss of 18 
per cent of the uric acid 

4 A 0 5 per cent NajCOj solution in three minutes destroyed 12 per cent 
of the uric acid 

We venture to suggest that the reason why Schittenhelm has overlooked 
the instabiliti of uric acid is the fact reported by E Fischer that uric 
acid solutions do not lose ammonia on being heated with normal caustic 
potash solutions * The fact that uric acid solutions do not lose ammonia 
IS however bj no means inconsistent with the fact that the uric acid is 
decomposed into something which no longer behaves like uric acid 

The crucial quahtative test for unc acid obtained from blood 
has always been the murexide reaction The remarkable feature 
about the voluminous literature on the subject of unc acid in blood 
IS the number of positive results reported for uric acid on the 
basis of this reaction Most of these positive findings represent 
probably nothing but delusions All know that smee unc acid is 
abundant m the urine, traces of it must be m the blood and all 
hav'^e probably been more or less disposed to accept anything 
shovvang a reasonable resemblance to the murexide test as proving 
the presence of unc acid But the murexide test is made in the 
same way as is the xanthoprotein reaction for proteins and the 
red color obtained in the latter is not so very different from the 
mixture of red and violet obtained in the murexide reaction More- 
over, the xanthoprotein reaction is given not only by the vanous 
protein materials in the blood but is also given by many pheno 
compounds, a number of which occur in blood The murexi 

’ Zcilschr f physiol Chem , \\\u p 555, 1901 

‘ Bcr d dcutsch chem Gesellsch wxii p 3266, 1899 
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reaction is therefore by no means reliable when apphed to such 
unknoivTi mixtures as have been obtained from the blood and this 
combination of circumstances is probably adequate to account for 
the many remarkable “unc acid” observations recorded m the 
literature 

There is no doubt, however, that by treating greatly concen- 
trated mother liquor obtained from blood with ammomacal silver 
mtrate or with copper bisulphite, traces of unc acid can be ob- 
tained This IS true not only for abnormal blood which is nch 
in unc acid but holds also for normal human blood, though the 
vanous methods heretofore in use have not been sensitive enough 
to reveal such traces of unc acid Even m the case of gouty 
blood contaming relatively large quantities of unc acid a great 
deal of blood (75 cc or more)* must be taken m order to obtain 
even a qualitative test For quantitative determinations Brugsch 
and Schittenhelm use from 150 to 300 grams, i e , nearly 10 per 
cent of all the blood in the body 

The new method described in this paper is based on the highly 
delicate color reaction with our “unc acid reagent,” a phospho- 
tungstic acid solution by means of which one part of unc acid 
in one milhon parts of water gives a positive test The color 
obtained from a quarter of a milligram of unc acid is quite ade- 
quate for a quantitative determination Normal human blood, as 
we have discovered, contains about that much unc acid in from 
15 to 25 cc so that on the basis of such volumes i\e are now able 
to make quantitative determinations of the unc acid in blood 

For coagulating the proteins we use five volumes of boiling 
acetic acid solution (10 cc of normal acetic acid to a liter of water) 
The blood is drawn into small, wide-mouth bottles previously 
weighed and contaming a small amount (about 0 1 of a gram) of 
finely powdered potassium oxalate From the subsequent weight 
of each bottle is obtained the weight of the blood Five times 
this weight of tttt acetic acid solution is transferred to an ordi- 
nary liter flask and heated to boiling The oxalate blood is 
then poured into this boihng acetic acid solution and the heat- 
ing IS continued until the solution has again begun to boil The 
mixture vhile still hot is filtered The coagulated material on 

* Brugsch and Schittenhelm Zeilschr f exp Path u Thcr iv p 442, 
lh07 



472 


Determination of Unc Acid m Blood 


the filter paper is transferred back into the flask (by means of a 
small spoon or a spatula), about 200 cc of boilmg water® are 
poured over it and it is allowed to stand a few (5) nunutes This 
mixture is then filtered through the same filter as was used for 
the ficrst filtration The filtrate in the receiving flask should be 
very nearly as clear as water and wuU be found to be so if the 
origmal blood w'as promptly shaken with the oxalate so that no 
clottmg has taken place 

If clotting has occurred the coagulation and washing of the blood is a 
little more complicated The clot leads to so much bumpmg in the hoiling 
acetic acid solution that it is not practicable or safe to try to heat the 
mixture to boiling The filtration is therefore made earlier Thepartiall) 
coagulated clot is then broken up with a glass rod, transferred to a mortar 
and there ground into a paste in the presence of hot water This suspen 
sion is then poured on the filter The protein material on the filter is then 
washed as before with about 200 cc of hot water In this case the com- 
bined filtrates are, however, nexer colorless but more or less reddish On 
being heated to boiling a second small coagulum will be obtained and the 
filtrate will then be practicallj as clear as water 

The combined filtrate and wash water containmg the unc acid 
and other soluble matenals is further acidified by the addition of 
5 cc of 50 per cent acetic acid and is e\ aporated over a free flame 
in a suitable porcelain dish^ to a very small volume (about 3 cc ) 
The bqmd is then poured into an ordmary small centnfuge tube 
and the dish w ashed with two successive portions of 0 1 per cent 
lithium carbonate solution, usmg about 2 cc for each rmsing, any 
sohd matenal adherent to the sides of the evaporating dish being 
removed by rubbing with a rubber tipped stimng rod To the 
liquid in the centnfuge tube, which at this stage should not he 
greater than 10 cc in volume, is added 5 drops of 3 per cent silver 

* For this washing we use water, not acetic acid solution, because if 
the latter is used the coagulum will give off more or less of the blood pig 
ment and the filtrates are less clear 

’ Deep (half globular) dishes 10 cm in diameter and having a capaci ' 
of about 250 cc aro verj good for this purpose While free flames are ( 
most convenient for the concentration of the unc acid solutions, care mu 
of course be taken not to char the contents tow ard the end of the operation^ 
Unless one is willing to watch it carefullj at this stage it is safer to nis 
the concentration on the water bath 
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lactate solution,® 2 drops of magnesia imxture and a sufficient 
amount of strong ammomum hydrate (10-15 drops) to dissolve 
the silver chloride The tube is centnfuged for two or three mm- 
utes, the supernatant hquid poured off and to the residue are added 
four or five drops of fresh saturated hydrogen sulphide water and 
one drop of concentrated hydrochloric acid The tube is now 
placed for a period of five or ten minutes m a beaker of boihng 
water m order to remove the excess of hydrogen sulphide Since 
hydrogen sulphide produces a blue color reaction with the phos- 
photungstic reagent it is of course important to remove every 
trace of this substance To secure this a drop of 0 5 per cent lead 
acetate is added to the contents m the centnfuge tube as it is 
taken out of the hot water Ordmanly very little or no lead 
sulphide (blackemng) is produced, showing that all the hydrogen 
sulphide IS gone as the lead acetate added is enough to give a 
heavy black precipitate If such a precipitate is obtained it is 
safest to heat the tube in the water bath for another five minutes, 
and then add another drop of lead acetate solution When all 
the hydrogen sulphide is thus removed the contents of the tube 
are centnfuged for one or two mmutes The supernatant hquid is 
then transferred by decantation as completely as possible to a 
small beaker and the mside of the tube washed with a stream of 
water from a wash bottle, care being taken to disturb as little as 
possible the solid residue at the bottom of the tube The wash 
water (which should not exceed 5 cc m volume) is then added 
to the liquid tn the beaker and to this acid solution containing the 
uric acid is then added 2 cc of the uric acid reagent' and 10, 15 
or 20 cc of saturated sodium carbonate solution depending on 
whether the color obtained requires a final dilution to 25, 50 or 
100 cc 

* Silver nitrate is undesirable m this connection because traces of liber- 
ated nitric acid are not easily evcluded and might destroy some of the uric 
acid Folm and Macallum used silver sulphate to avoid this danger but 
the sulphate is very insoluble The lactate is therefore the most service- 
able silver solution that ve have yet found for the precipitation of uric 
acid Since seaeral reagents are added drop by drop in this work it is 
very convenient to keep the solutions in so-called dropping bottles 

’ This reagent as stated in prea lous papers contains 100 grams of sodium 
tungstate and SO cc of phosphoric acid (85 per cent) per liter, all boiled 
together for one or tvo hours See this Journal, \ii, p 239, 1912 

THE JOURNAL OF DIOI OOICAL CHEJnsTRl VOL NO 4 
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Thib direction with reference to the sodium carbonate to be used maj 
seem somewhat vague to the casual reader but is really a simple matter 
m the actual work The standard solution must already be made and from 
a rough comparison it is not difficult to determine whether the unknown 
IS to bo diluted to 25, 50 or 100 cc in order to give somewhat near the same 
deptli of color ns that of the standard 

Three volumetnc flasks representing 25, 60 and 100 cc , respec- 
tively, must be at hand, and the blue unknown solution is trans- 
ferred to one of them and diluted with water up to the mark 
The standard solution obtained from 1 mgm of uric acid when 
treated with 2 cc of unc acid reagent, 20 cc of sodium carbonate 
and made up to 100 cc should be made just before the addition 
of the sodium carbonate to the unknown The latter sometimes 
needs to be filtered before being transferred to the colonmeter 
cylinders for the final color comparison In all other respects the 
determination of uric acid m the blood is the same as the corre- 
sponding determination in unne 

The calculation of the results obtained from the colorimetnc 
readings is not difficult though it must not be forgotten that it 
IS not practicable to take any particular quantity of blood for the 
work since the usual thing in chmeal cases is that the amount of 
blood available is so small that one takes all that has been col- 
lected The following formula gives the amount of unc acid per 
100 cc or more accurately per 100 grams of blood 
20 V 

■=-= = Milligrams of unc acid per 100 grams of blood 
K IV 

In this formula 20 represents the depth in milhmeters of the stand- 
ard solution used for a comparison and R represents the readmg 
m millimeters of the unknown solution I' represents the volume 
(25, 50 or 100 cc ) to which the unknown is diluted and W repre- 
sents the weight of blood taken for the determination 
We have made a great many unc acid detemunations m human 
blood and in the blood of a number of different ammals by the 
new method desenbed above Inasmuch as the data so obtamed 

Fohn and Macallum this Journal, \iii, p 363, 1912 Blood, like unn^ 
contains phenol compounds which give a blue color with the unc aci 
reagent Because of the small amount of uric acid and relativelj aifie 
amount of other materials in blood we have not attempted to determine 
the unc acid w ithout any preliminarj precipitation with silver 
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possess considerable interest of their own, we prefer to make them 
the subject of a separate paper Here we ivish therefore to add 
only the determinations of unc acid previously added to blood, 
showing that by this method it is possible to determine the mmute 
quantities occurnng even m normal human blood 

Brugsch and Schittenhelm have recorded a few similar experiments” bj 
which they tested the merits of the method which they employed in their 
quantitative work on the uric acid in blood They, however, first dissolved 
the uric acid m boiling lithium hydroxide and then added from 100 to 200 
mgm of uric acid to each 100 grams of blood Results obtained from such 
experiments have no bearing on the actual analysis of human blood con- 
taining at most only 8-10 mgm per 100 cc 

In the experiments recorded below the unc acid solution (1 mgm 
per cc ) was prepared by the help of lithium carbonate, as described 
in a previous paper, and this solution was added m proportions 
of from 1 to 10 cc to 100 cc of sheep blood which contains no 
unc acid, i e , less than 0 05 mgm per 100 cc 


VOLUWE or BLOOD TAKEN 
FOB ANALTeiS 

ORIC ACID added 

1 

UBIC ACID FOUND 

ce 

mffm j>tr 100 cc 

mgm per 100 ce 

50 

0 

less than 0 05 

25 

1 

0 96 

25 

1 

0 98 

25 

2 

2 00 

15 

2 

2 00 

15 

4 

3 90 

25 

4 

4 00 

20 

6 

5 80 

10 

8 

7 40 

15 

8 

7 50 

10 

10 

9 40 

10 

10 

9 60 


Zeit^chr f exp Path u Ther , iv, p 447,1907 
” Folm and Macallum loc cit 
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In an earlier paper Folin and Denis descnbed the preparation 
of a phosphotungstic acid solution which proved extraordinanly 
sensitive as a reagent for unc acid and which also gave a similar 
(blue) color reaction with polyphenol compounds One such 
phenol denvative is epmephnne Solutions containing 1 part of 
epinephnne in 3,000,000 parts of water give an unmistakable reac- 
tion with this reagent According to the seemingly careful com- 
parative studies recently pubhshed by Borberg” none of the usual 
color reactions for epmephnne are capable of revealing the pres- 
ence of this substance in dilutions greater than 1 part in 300,000 
parts of water Our reaction is therefore approximately ten times 
as sensitive as the best chemical tests hitherto proposed and in 
fact approaches m dehcacy the remarkable physiological reactions 
which have heretofore been employed in testing for epmephnne 
The elaboration of the reaction into a quantitative method for the 
determination of epmephnne m commercial suprarenal extracts 
as well as m “home made” extracts of suprarenal glands proved 
a comparatively easy undertaking 

Through the courtesy of Dr Reid Hunt we were saved the 
labonous and indispensable task of prepanng a sample of pure 
epmephnne From him we obtamed some of the ash-free epi- 

* “The Council on Pharmacy and Chemistry of the American Medical 
Association has lately adopted the name Epmephrin for the actii e principle 
of the suprarenal glands in preference to using a ‘protected’ name and it 
IS for this reason that ive are using the ivord in this paper ” See Abel 
Journ of Pharmacol and Exp Therapeutics, m, p 328,1912 

* Skand Arch f Physiol , wvii p 347, 1912 
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nephnne punfied bj' Taveau ^ By the help of this product we 
determined the chromophonc value of epinephnne in terms of 
another pure and easily obtainable substance (unc acid) which 
gives the same kind of a blue color "with the phosphotungstic acid 
Epinephrine gives almost exactly three times as much color as an 
equal weight of unc acid Our detemunations gave figures which 
varied between 2 90 and 2 95 As even our pure epinephnne 
probabl}'' is not as pure as Kahlbaum’s unc acid with which we 
compared it, the ratio 1 3 must be veiy nearly correct 

With this ratio once established it is no longer necessary to have 
on hand epinephnne solutions of known concentration m order to 
determine unknown epinephnne solutions With unc acid, the 
phosphotungstic acid reagent and a high grade colorimeter avail- 
able, it IS now' only a matter of a few mmutes' work to assay a 
given solution of epinephnne Usmg 10 cc volumetnc flasks, as 
little as three or four hundredths of a milhgram of epinephnne, 
or even less, can be determined with a very satisfactory degree 
of accuracy 

To illustrate A freshly opened bottle of “adrenalm” was used 
as a stock solution and from it one of us (Cannon) made a senes 
of extremely dilute solutions These together with the onginal 
solution were submitted to Fohn and Denis for analysis The 
following figures were obtained 

Original “a 1 per cent” solution Found 0 11 percent 

A diluted to contain 25 parts per million Found 26 parts 

B diluted to contain 12 6 parts per million Found 11 parts 

C diluted to contam 2 5 parts per million Found 1 9 parts 

Having proved to the satisfaction of all of us that we were able 
to assay accurately pure epmephnne solutions, we next under- 
took to determme whether the crude extract ohtamed from supra- 
renal glands could be assayed colonmetncally for their epmep - 
rine content At first sight this seemed very dubious in view o 
the fact already established by Fohn and Denis that blood con 
tains enough unc acid to be estimated quantitatively, and contain 
besides phenol denvatives which, because of their reactivity wi 
the unc acid reagent, necessitate a prehminary 
the unc acid before it can be determined quantitatively 

’ Hygienic Laboratory Bulletin, Iv, p 23, 1909 
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respect muscle, glands and other organs were found to behave m 
the same way Fortunately, however, the blue color obtained by 
adding the uric acid reagent to extracts of blood and tissues other 
than the suprarenals is so very small compared with the color 
obtained from the latter as to be practically negligible The 
suprarenals might of course contain some other specific products, 
besides epinephnne, capable of giving the same blue reaction as 
the latter Although there is no reason why such should be the 
case it seemed desirable and mdeed necessary to determine the 
point experimentally by checking up the values obtained colon- 
metncally by a standard physiological method 

Our extracts were made in the following manner The weighed 
gland IS thoroughly rubbed in a mortar with fine sand and tenth- 
normal hydrochloric acid The mixture is then rinsed into an 
Erlenmeyer flask with more tenth-normal acid and water, using 
m all about 15 cc of the acid for each 2 grams of gland and about 
three times as much water The acid mixture is then heated to 
boiling In the presence of so much hydrochlonc acid there is 
no coagulation and the epmephrme is thoroughly dissolved To 
the boihng rmxture is then added a httle 10 per cent sodium ace- 
tate solution (5 cc for each 15 cc of hydrochloric acid present) 
and the mixture is again heated to boihng The albuminous 
matenal comes down promptly under this treatment Instead of 
filtering and washing at this stage we transfer the whole mixture 
(except the sand) to a volumetric flask (capacity 100 cc for each 
2 grams of gland) and dilute up to the mark with water The 
solution so obtained or as much of it as is needed can he filtered 
or centrifuged, giving finally a solution which is nearly or quite 
as clear as water Ours were obtained by help of the centrifuge 

Notwithstanding the highly interesting and convincing character of 
Elliott’s recent epinephnne determinations by the blood pressure method, 
we are inclmed to think that from the standpoint of quantitative anal j sis 
his figures are probably not particularly exact, although the phj Biological 
reaction involved appears to be suprisingly regular Epinephnne is ex- 
tracted with considerable difficulty from coagulated matenal and it is 
rapidly destroyed by hot Rmger’s solution Elliott probably did not 
always get out all the epinephnne present and he certainly always dc stroj ed 
some of it by using the more or less alkaline Ringer’s solution 

The colonmetnc determinations m the extracts described above 
were made at once as follows 



482 


Determination of Epinephrine 


the vessel The medulla and upper portion of the spinal cord 
were next destroyed by a wire passed into the spinal canal through 
the orbit and brain case Finally the carotid cannula was con- 
nected with a mercury manometer The blood pressure now 
registered at a maintained level of about 40 mni of mercurj^ 

The adrenalin (Parke, Daaus and Company’s) used as a stand- 
ard was 1 cc of the original (1 1000) solution in 40 cc of dis- 

tilled water Thus 1 cc of the standard contained 0 025 mgm 
An injection of 0 1 cc of this solution, le , 0 0025 mgm , would 
cause a marked rise of blood pressure By repeated injections of 
the same dose the first record of the pressure change could be 
duplicated ivith remarkable exactness Elliott’s statement that the 
largely denervated circulatorj^ system will respond with almost the 
accuracy of a chemical balance to any submaxifnal dose of adre- 
nalin we were able to confirm 

The extracts were usually diluted I IQ or 1 25 immediately 
before being tested Each ivas placed in a burette connected nath 
the jugular cannula, w’hicli was also filled wath the extracts At 
first 0 5 cc of the extract was permitted to rim slowly into the 
vein If this amount gave a satisfactory submaximal nse of pres- 
sure, no further record was made If necessary 1 cc was in- 
jected 

By previous injections of vanous amounts of the standard solu- 
tion, the approximate amount reqmred to produce a nse of blood 
pressure equal to that caused by the extract could be judged 
With the writing point of the manometer tracing the same zero 
line as before the estimated amount of the standard solution was 
now introduced into the vein If the curve rose to the same 
height as previously the adrenalin content of the injected amounte 
of standard and extract was regarded as the same, and could e 
readily calculated If the curve caused by injectmg the standar 
was slightly lower than that caused by injecting the extract, a 
larger amount of the standard was given Aud if this m turn 
resulted in a curve slightly higher than that of the extract, t e 
intermediary value of the standard was taken ns correspon mg 
to that of the extract . 

The results of the determinations made by the physio o^ca 
process and by the colonmetnc method are given in the 0 ow 
mg table 
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TABLE II 

Epinephrine as determined (j4.) colonmelncally (B) by its effeel on the blood 

pressure 





iTOTAL EPINEPHRINE 

EPINEPHRINE BY 

KIND OF SUPRARENAL GLAND 

■WEIGHT OF GLAND 

BYCOIORIMETRIC 

1 ELLIOTT 8 BLOOD 




METHOD 

I PRE8SURX METHOD 



grama 

mgm 

mgm 

Sheep (1) I 

n 

12 

2 25 

3 07 

5 2 

4 6 

5 0 

Sheep (2) | 

n 

,2 

3 16 

2 99 

6 1 

5 6 

6 2 

5 6 

Sheep (3) \ 

n 

12 

2 66 

2 66 

5 2 

5 0 

5 0 

5 0 

Lamb j 

fi 

1 17 

2 2 

2 3 

12 

1 02 

2 2 

2 5 

Cattle 


11 69 ! 

35 0 

37 5 


It should be stated in connection with the above figures that 
Cannon, who made the physiological test, did not know the values 
obtained by the colonmetnc test, nor did Folin and Dems know 
the values obtained by the blood pressure process until all the 
figures were ready for comparison 

ADDENDUM 

It IS worthy of note that incidental expenments have proved 
that the method here descnbed is sufficiently dehcate, when ap- 
plied to blood taken from the adrenal veins, to give a stronger 
color reaction after stimulation of the splanchmc nerves than be- 
fore Thus to the vanous physiological evidences that splanch- 
mc stimulation excites secretion of the adrenal glands is added 
chemical evidence 




NEPHELOMETRY IN THE STUDY OF PROTEASES AND 

NUCLEASES 

FIHST PAPER 

By PHILIP ADOLPH KOBER 

{From the Harnman Research Laboratory, Roosevelt Hospital, New York, 

N Y) 

(Received for publication, December 1, 191? ) 
INTRODUCTION 

The author in studying ferments, required a method which 
would reveal, quickly and accurately, any change in the activity 
of the ferment dunng the course of an investigation The follow- 
ing method, which is based on the use of a nephelometer, intro- 
duced into analytical chemistry by Richards, ‘ seems to meet those 
requirements 

The following four requisites can be given for a good method 
of estimating proteases “ 

1 The substance used for a substrate should be a protein 

2 The protein should be soluble in the solution of the ferment, 
in distinction to a reaction between phases 

3 Any and all unchanged protein should be completely precipi- 
table bj' a convement reagent 

4 This undigested protein should be determinable, accurately 
and quickly 

A suitable protein for peptic digestion is edestm,^ ovang to its 
solubility in weak hydrochlonc acid solution Casein'* is well 
adapted for tryptic digestion, owing to its solubility in v eak alkali 

1 T W Richards Zeitschr f anorg Chem , viii, p 269, 1895, Richards 
and Wells Amer Chem Journ , xxxi, p 235, 1904, Richards ibid , \\\\, 
p 510, 1906 

’The subject of suitable units for proteases will be discussed in the 
near future 

’ Fuld and Levison Biochem Zeitschr , xi, p 473, 1907 

* Gross Arch f exp Path Iviii, p 157, 1907 

48 s 
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solution, and yeast nucleic acid m dilute solutions is similarly 
adapted for the study of nucleases 

Edestin® is easily and quantitatively precipitated as edestan 
from its acid solution by 12 per cent sodium chloride solution 
Casein can be completely thrown down by a weak acetic acid solu- 
tion and other precipitants, while yeast nucleic acid can be ren- 
dered wholly insoluble by a slight excess of hydrochlonc acid 
By using the specially devised nephelometer (easily made from 
the Duboscq colonmeter) described below, one can determme the 
amount of any undigested substance which is precipitated m the 
form of a suspension by these reagents, and thus follow the diges- 
tion of edestm with pepsm, of casern with erepsm and trypsin, 
etc , and yeast nucleic acid with nucleases quantitatively, with 
an error of less than 2 per cent As a study of precipitants for 
casein and for yeast nucleic acid is still m progress the results on 
edestm only will be given m this paper 

METHOD 

(a) Description of the instrument and its construciion 

As the nephelometer descnbed by Richards yields its best 
results only on takmg a large number of readings (from ten to 
twenty),® and since for ferment work so much time for readings 
IS objectionable, an improvement was highly desirable 

A similar instrument of greater accuracy, one that yields reliable 
results with a few readings comparable to those obtamed with a 
Duboscq colonmeter, would greatly enhance the value of the 
nephelometer for physiological chemists No doubt the Richards 
instrument sufficed for the purpose for which Richards designed 
it and therefore efforts to improve it were heretofore superfluous 
Since, however, the instrument is not desired now to yield a cor- 
rection to some other analytical process, but to form the basis 
of the analytical process itself and to yield all the figures of the 
determination, greater accuracy is required 

5 T B Osborne Journ Amer Chan Soc , wiv, p 28, 1902 
* As stated in a private communication to the author, the Bichards in 
strument rarely departs more than 4 per cent from the true value on a 
single reading, the mean of these readings is within 2 per cent, but to a ai 
accuraoj within 0 5 per cent, many readmgs are needful 
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Without going into the various considerations connected with 
the improvement of the nephelometer, it is sufficient to say that 
the optical workmanship of the Duboscq colorimeter proved to 
be an excellent basis on wluch to build a nephelometer, and the 
following therefore represents an attempt to obtain greater accu- 
racy ’ 

The change from colorimeter to nephelometer, and mce versa, 
can be made m a few minutes with the simple, easily made addi- 
tions described below As most laboratories have a Duboscq 
colonmeter, an additional useful instrument can be produced m 
this ay with little expense 

The essential differences between the new and the older nephel- 
ometers are as follows 

1 In the new instrument, a plunger changes the height of 
liquid under observation 

2 A shutter supplements the action of the plunger in cuttmg 
off the amount of light 

3 The new nephelometer ehminates three possible sources of 
error the meniscus, the indirect reflection of light from suspended 
matter in the lower part of the tubes, and the reflection of light 
from one tube to another 

4 The dark shade reduces any error due to the reflection of 
light on the eyepiece 

5 The new instrument is more adaptable to daylight 

6 Less liquid is needed for a test, 6 cc being the maximum 
amount needed 

7 The instrument is inclined, so as to make observations more 
convenient, and to prevent air bubbles from forming when the 
plungers are first introduced into the liquid 

The accompanying drawing, for which I am indebted to Mr 
Sugiura, shows clearly enough the arrangements without much 
further description 

The tubes containing the liquid can be made from soft glass baling a 
bore of 15 2-0 3 mm by anybody having a little skill m glass blowing 

The nephelometer shown here was made by the author, without anj 
special tools or skill, from small packing-box boards 


’Judging only from the readings nith the new nephelometer, greater 
accuracy was obtained but as both instruments were not compared bj the 
same person under similar circumstances, this statement needs further 
confirmation 
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figure 2 This curve, as may also be seen, is considerably lower 
than the “hypothetical” curve where the readings are inversely 
proportional to the concentration of the solutions Richards and 
Wells assumed that when solutions of the same height gave the 
same amount of light, the ratios of the solutions were unity, an 
that around this ratio the “hypothetical ' curve was correct 
This is shown to be true by the curves in the chart within 1 
per cent when the ratios are within 10 per cent of unity I* 
therefore necessaiy, for Richards and Wells, to adjust the vo ume 
of their solutions, until the ratios were within this hmit 
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In the following work with edestin a scheme is presented which 
practically eliminates this adjustment of volumes 
The curve m figure 2 can be expressed m the following equation 

_ s (l-3:)g 
X x‘‘ 

where y = height of “unknown” solution, x = ratio of solutions 
and s = height of standard solution 
By s is meant the reading of the nephelometer with the standard 
solution used as an “unknown,” or, in other words, when the ratio 
of the solutions is muty This serves to elimmate any errors due 
to faulty light, tubes, plungers, etc 
Where K = & constant, obtained by substitution of standard- 
ization values 

Therefore, if once the value of K is denved for any given stand- 
ard solution and height of the standard solution, the nephelometric 
readmgs will give at once, upon calculation, the ratio of the solu- 
tions, and thus no further adjustment® of volumes is necessary 
"When the K obtained with one height of standard solution is 
compared with that of another height, it is found that K is pro- 
portional to the height of the standard solution, the equation then 
becomes for any heights of liquids within moderate limits 

y = ^ — i — 

X x^ 

where L — — 
s 

One has, therefore, the choice of using either one or more stand- 
ard curves and getting the ratios directly from a curve (as m 
figure 2), without calculation, or takmg any smtable standard, 
adjusting either or both heights of liquids imtil the amount of 
light IS matched, and obtaimng the ratios by substitution in the 
nephelometric formula given above A more convement form 
when expressed in terms of y, is 

s + sA, (s + si.)* — 4sky 

X — 

2y 


• Oi course, it is assumed that solutions which differ from a standard 
solution very much as may easily be observable macroscopically, will 
require, as in colorimetric work, a more suitable standard 
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STAND KRD ORCONCEN 
TRATION OF 5 

UNKNOWN OR CON 
CENTRATION OP y 

MM OF 

MM OF 

TBEO 

RETICAL 

Z 

FOUND 


(l-3)NnCi 


0 01 per 
cent 
cdestln 


cc cc 

10 5 


10 I 5 


(U3) NaCl 


0 01 per 
cent 
cdcstlQ 



pulp HjO 


5 2 28 0 
4 8 28 0 


A\ orage 




mantl 
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Since this nephelometric formula seems to hold for a protein of 
high molecular weight, it was of interest to try its application to 
argentic chlonde suspensions In order to avoid the corrections 
necessary when very weak solutions are compared, as indicated 
above with edestin, relatively strong solutions were used 


STANDARD 


HiO 


0 00572 
per cent 
AgCl 


UNKNOWN 

y 


HiO 


0 00572 
percent 
AgCl 


lilt OP 
V 


THEO- 

IreticaxI 


10 


10 


10 


10 


10 


15 0 


15 0 


15 0 
15 1 
15 0 


15 0 

23 8 
23 8 
23 6 
23 5 


10 


10 


30 


10 


15 0 


23 7 

23 9 
23 9 
23 9 


23 9 


0 001432 
per cent 
AgCl 


0 001432 
percent 
AgCl 


10 


10 


10 


10 


10 


15 0 


15 0 


15 1 
15 0 
15 0 


15 0 

23 6 
23 4 
23 5 
23 5 


23 5 


1 00 


1 00 


1 00 


0 500 


0 500 


0 633 


0 628 


0 500 


0 491 


1 00 


1 00 


1 00 


0 500 


0 638 


0 509 
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As may be seen from the results with argentic chloride the 
nephelometnc formula holds for considerable vanations in con- 
centrations, the strongest solution being eight times as strong as 
the weakest, or a ratio of 0 125 It is probable that when cor- 
rections are made, especially for the u eaker solutions, the result 
■unll be still more consistent unth the formula It is to be noted 
that these experiments give = 0 21 and A^deehn = 0 12 

(c) Sohihons and reagents 

Edestin solutions u ere made as follows 

1 Stock solvhon 0 1000 gram of Merck’s edestin, weighed 
accuratelj in a 50 cc beaker, was moistened with sufficient water 
to make it possible to rub the substance into a paste After thor- 
ough rubbing, 3 cc of jk hj'drochlonc acid was added which dis- 
soK ed all but a trace of the suspended substance After allowing 
the solution to settle for an hour, it was filtered through a well- 
washed filter paper into a clean, 100 cc graduated flask This 
was done to prei ent foreign particles and fibers of filter-paper from 
getting into the solutions On bringing the solution up to the 
mark, adding a few drops of chloroform, shakmg and allowing it 
to stand for tw ent j'-four hours, it was ready for use 

2 Standard solution 10 cc Of this stock solution were diluted 
to 100 cc , thus making it a 0 01 per cent solution One volume 
of this standard solution, with one, two or more volumes of 1-3 
NaCl solution gave smtable standards for nephelometric work 
These standards wall remain as suspensions one or more hours 
depending on the dilution In the w ork given abo\ e a fresh stand- 
ard was made for every detemunation 

3 Precipitant for aad edestin or edestan (1-3) jMaCl solution 

a Stock solution A saturated solution of sodium chloride 

h Reagent {IS) NaCl One volume (250 cc ) of saturated NaCl 
solution, wath three volumes of water (750 cc ) was found to give 
satisfactory results in precipitating the edestan completely 

(d) Directions 

For precipitaling substances Thus far, satisfactory results haie 
been obtamed by adding the precipitant drop by drop ro™ ^ 
carefully standardized burette to the standard solutions con ame 
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m a beaker or small Erlenmeyer flask Test tubes should be 
avoided as it is difficult to shake the solution properly, without 
adding a stopper or introducing minute air-bubbles into the solu- 
tion An Erlenmeyer flask or beaker shaken in a rotatory fashion 
gently is most satisfactory 

The tubes may be cleaned and dned with alcohol and ether, or 
any other suitable way so long as no dust or hnt is thereby intro- 
duced 

For reading the instrument The plunger, being pamted with 
asphaltum paint, obviously cannot be cleaned and dned with 
alcohol and ether, but may be rinsed with some of the liquid to 
be examined, or may be wiped carefully mtli a Imt-free cloth or 
lens paper To use the instrument, it is well to insure proper 
working conditions by putting into both tubes some standard 
liquid and comparing the heights If the readings are consistent 
and practically equal on both sides, one may presume the light- 
ing arrangements and other parts are in proper adjustment 

The following suggestions were helpful in obtaining good results 

1 The instrument was kept in a separate room, where all the 
lights could be extinguished at pleasure 

2 After the tubes contaimng the suspensions n ere in position, 
the room was darkened completely for a few minutes, to rest the 
eyes Using the instrument directly after coming from a well- 
lighted room produced inferior results 

3 Both eyes were kept open in reading the instrument This 
was easily accomplished with the shaded eyepiece, and produced 
less strain 

4 It was found advisable not to make the adjustments too rap- 
idly or too constantly in order to avoid inaccuracies due to eye- 
strain The final adjustment was made only after relaxing the 
eyes for a few minutes The eyes were used alternatelj’’, the ap- 
proximate adjustment was made with one eye and the final always 
with the other 

5 When much nephelometric work was done necessitating going 
to and from a strongly lighted room often, smoked glasses were 
found restful and advantageous 
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SLMMAHl 


I A micro-chemical method for following the digestion of a 
soluble protein, edestin, based on the use of a nephelometer is 


given 

II A new and sensitive nephelometer easily made from and 
mto a Duboscq colonmeter is descnbed 

III The readings of the nephelometer plotted against the ratios 
of the solutions, for a given standard solution and a given height 
of standard, seem to follow a uniform curve which can be expressed 

m the equation y = — — — where y = height of “unknoivn” 

X X 

solution, s = height of standard solution, x = ratio of solutions 
The studies of various precipitants for protein and other organic 
substances m dilute solutions are in progress with the view of 
extending the application of this method generally The ease, the 
rapidity and the accuracy of the method would make it very use- 


ful, if the proper precipitants can be found By proper dilution 


it con be used for large amoimts of substances, and is sensitive 
enough to determine 0 00002 gram wnth a percentage error of less 
than 2 per cent The determination of casein in milk and the 
estimation of mmute quantities of ricm are receivmg immediate 


attention 



THE PREPARATION AND PROPERTIES OF A COMPOUND 
PROTEIN, GLOBIN CASEINATE 

Bt T BRAILSFORD ROBERTSON 

{From the Rudolph Spreckeh Physiological Laboralory of the University of 

California ) 

(Received for publication, December 2, 1912 ) 

I have elsewhere pointed out* that the investigations of Hardy^ 
indicate that the proteins in blood sera are united to form a com- 
plex which, ne may imagine, bears a somewhat similar relation to 
the individual proteins which constitute it as the proteins bear to 
the polypeptides out of which they are constructed, and I have 
furthermore suggested that the biochermcal and immunological 
specificity which is displayed by ammal fluids and tissues may 
possibly be attnbutable, directly or indirectly, to the existence of 
these complexes 

The only compounds of proteins with one another which have 
so far been isolated and studied in detail are those which the 
various protamines form with such proteins as egg albumin, gelatin, 
hemi-elastin, casein and edestin ’ These compounds are formed on 
bnngmg the two proteins together in weakly alkahne (ammomacal) 
solution (Kossel) Gay and Robertson have pomted out, however, 
that it IS necessary to have present an excess of the protamine 
component, othermse the compound does not readily flocculate 
Hunter describes clupeme caseinate, which may serve as a type of 
these compounds, as being insoluble m cold and very slightly soluble 
m hot water, somewhat soluble in dilute acids and readily precipi- 

iT Brailsford Robertson Univ of Calif Puhl Physiol , rv, p 25,1911, 
Die physikalische Chemie der Proteine, Dresden, 1912, p 126 
= W B Hardj Journ of Physiol , p 251 (Appendix), 1905 

’ A Kossel Deutsch med Wochenschr , vii, 1904, cited after A Hunter 
Zeitschr f physiol Chem , hii, p 527, 1907 

* F P Ga> and T Brailsford Robertson Journ of Exp Med , xvi, p 
479 1912 
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tated from these solutions bj'’ ammonia It is soluble in salt 
solution On digestion with pepsm-HCl, the casein moiety under- 
goes hydrolj’-sis, depositing paranuclem, while the protamine moiety 
remains unhydrolyzed In all of the compounds of clupeine with 
various proteins w'hich Hunter investigated, the combimng weight 
of the protamine w as always considerably smaller than that of the 
other component of the compound Thus 2 5 parts of casein com- 
bine wuth 1 part of clupeine to form clupeine caseinate, while the 
compound of clupeine with edestin contains no less than 8 5 parts of 
edestin by weight to every one of clupeine 
Globm IS generally considered to be a member of the histone 
group of proteins,^ and, according to Kossel,® the histones are built 
up around a large protamine nucleus to which they owe their 
pronounced basic qualities One might anticipate, therefore, that 
globm would behave analogouslv to the protanunes and form 
similar compounds with the Jess basic proteins 
I find that if casein dissolved m dilute alkali be mi\ed with excess 
of globm, similarly dissolved in dilute alkali, a coagulum-hke pre- 
cipitate results which would appear, by its behavior, to be a com- 
pound of globm with casein, analogous in many respects to the 
protamine caseinates The method employed in prepanng this 
substance m bulk wms as follows 

The globm was prepared from ox-blood corpiiscles by a method 
which I have described in detail elsewhere in this number ’’ The 
preparation employed in these expenments (designated Prepara- 
tion II in the commumcation cited) is somewhat tinged with hae- 
matm and yields somewhat deeply colored, brown solutions (m 
2 per cent concentration) The casein was Eimer & Amends 
C P Casein “nach Hammarsten,” specially purified by a method 
w^hich has been described elsewhere ® 

In preliminary expenments it was found that, in order to bnng 
about the formation of a precipitate m a globin-casem mixture, 
it was necessary to avoid the presence of an excess either of casein 

‘ Pr N Schulz Zeitschr f physiol Chem , vxiv, p 449, 1898 
* A Kossel and F Kutscher Zeitschr f physiol Cham , xxxi, p 165, 1960, 
A Kossel and H Pringle ibid 301, 1906, A Hunter loc ext 

’’ T Brailstord Robertson this Journal, xiu, p 455, 1913 
’ T Brailsford Robertson Die physiKalische Chemie der Protexne, ee 
den, 1912, p 32 
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or of alkali Rough estimations led to the impression that, given 
a favorable alkalinity,® the proportion of globm to casein should 
be about 2 to 1 m order to secure a maxunum yield of the precipi- 
tate 

Globin (1 5 grams per 100 cc of solvent) dissolves extremely 
slovly in or KOH solution, while it readily and completely 
dissolves in tV KOH and the concentration of KOH may then be 
reduced to ^ by the addition of HCl, while stirring, without caus- 
ing any permanent precipitate to appear 1 ® On the other hand, if 
two and a half volumes of a 1 5 per cent solution of globm m 5 ” 
KOH be added to one volume of a 2 per cent solution of casein in 
0016 N KOH (neutral to phenolphthalem), no precipitate is 
obtained because the excess of alkali dissolves the globm case- 
inate, while, if two and a half volumes of a 1 5 per cent solution of 
globm in CT KOH be added to a similar solution of casein, a copi- 
ous precipitate results Accordingly, m prepanng the compound 
it IS advisable to dissolve the globm in a slight excess of alkali, 
and neutrahze a portion of this alkali before mixing the solution 
vath the solution of casein 

Three hundred and fifty cc of KOH n ere diluted to 1200 cc 
and 20 grams of globm were dissolved therein When solution 
was complete (one to two hours) 150 cc of ^ HCl were added to 
the mixture while stirnng A clear brown solution was thus 
obtained 

Ten grams of casein were dissolved m 500 cc of 0 016 n KOH 
These two solutions were then mixed, the mixture diluted to 7 
liters by the addition of distilled water, thoroughly shaken, and 
then allowed to settle in tall glass cylinders over mght The super- 
natant fluid was then decanted from the heavy browmsh coagulum- 
hke precipitate, which became more granular m the subsequent 
washings The decanted fluid was very opaque and obviously 
contained much finely suspended protem matenal 

The precipitate was washed by decantation in 40 liters of dis- 
tilled water in six successive washings The final vashings were 
perfectly clear It was then washed in 10 liters of absolute alcohol 

” A slight excess of alkali readily redissolves the precipitate 
Analogous phenomena are displajed bj casein and other proteins 
Cf T Brailsford Robertson Die physikahsche Cherme dcr Proteine, Dres- 
den 1912, p 70 
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m two successive washings, collected upon a hardened filter, 
washed with 2 hters of ether within an incubator over HjSOi 
and dned in the incubator at 37°C for twenty-four hours It was 
then pulverized and sifted and returned to the incubator and dned 
over H 2 SO 4 at 37°C for three days The substance w'as thus 
obtained in the form of a coarse browmsh-gray powder, the yield 
being 7 5 grams 

The phosphorus m two l-gram portions of this matenal was 
determined by von Wendt’s modification of Neumann’s method'* 
with the following results 



MOM PiO» IN I ORAM 

PER CENT OP 

NUMBER or SAMPLE j 

FHOSFHOBTJS 

Sample 1 

7 16 

0 313 

Sample 2 

6 86 


Average 




The percentage of phosphorus in casein is 0 887,*^ hence the 
proportion of casein contained in this preparation of globin case- 
mate is 34 5 per cent 

This preparation of globin casemate is readily soluble in dilute 
alkalies, yielding browmsh solutions, and in dilute acids, yieldmg 
light-colored solutions It is not soluble in distilled water, an 
the globin casemate is precipitated from alkahne solutions by neu 
trahzation wnth acid Excess of acid, even of acetic acid, re 
solves this precipitate, thus indicating very clearly that the casein 
IS not present ^as such in a condition of mechamcal admixture 
Globin similarly is precipitated from alkahne solutions by neutra 
zation, but that the properties of the globin have been very ma en 
ally modified by combination with casein is shown by the exces 
of acetic acid which is necessary m order to redissolve the precip 
tate which occurs upon neutrahzation Thus, to 43 cc an a 
proximately 1 25 per cent solution of globin caseinate in -nr ’ 
acetic acid solution was added slowly After ad ® 
the substance still remained in solution, then a precipitate 
to appear, which still persisted imtil over 65 cc of the aci so 


n G von Wendt Skand Arch f Physiol , xvu, p 217, 1905 
i’ 0 Hammarsten A Text-book of Physiological C emis r , 
J A Mandel, 6th Ed , New York, 1911, p 615 


trans 
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had been added, when a very opaque light-colored solution was 
obtained To 43 cc of a 1 25 per cent solution of globin (Prepara- 
tion II, cf above) ^ acetic acid was similarly added, a permanent 
precipitate had already appeared after the addition of 16 cc of the 
acid solution, and 25 cc sufficed to completely redissolve it I 
continued adding acetic acid imtil 65 cc had been added A 
clear brown solution was obtamed 

It IS clear, therefore, that by the union with casein the basic 
qualities of globin have been decreased and its acid function en- 
hanced Globin caseinate is held m solution by a smaller excess 
of alkali than that reqmred to hold the same amount of globin 
in solution, while a greater excess of acid is reqmred to carry globm 
caseinate into solution than to carry globm into solution On the 
other hand, the acid qualities of casein have been diminished and 
its basic function enhanced by the umon with globip, for no excess 
of dilute (“ or more dilute) acetic acid solution will cariy any 
casern into solution, a stronger acid, such as a mineral acid, is 
required It is evident that in these respects the properties of 
globin caseinate are intermediate between those of globin and those 
of casein 

The solution of globm casemate in dilute acetic acid does not 
deposit any precipitate even on standing at 55‘’C for twenty-four 
hours It does, however, yield a precipitate on boiling for two 
or three mmutes, and this precipitate does not redissolve on cool- 
ing, it IS not a coagulum of heat-denatured protein, for it is soluble 
in dilute alkali It is probably, therefore, casern, and we may 
conclude that globm caseinate is decomposed into its components 
by boiling in dilute acid solution 

To 70 cc of each of the above solutions of globm casemate and of 
globm, respectively, in dilute acetic acid were added 5 cc of a 1 
per cent solution of Grubler’s pepsin punss sicc , and the mixtures 
were placed in an incubator at 37°C After two hours a very 
shght flocculent precipitate had appeared in the globm solution 
and a dense granular precipitate in the globm caseinate solution 
which left the supernatant fluid clear After twenty-four hours, 
the dense precipitate in the globm caseinate digest had completely 
redissolved and in each rmxture there remained only the shght 
flocculent precipitate first noted in the globm digest The dense 
precipitate m the globin caseinate digest cannot have been para- 
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nuclein resulting from partial hydrolysis of casein, for paranuclem, 
once precipitated in peptic digests, does not redissolve as digestion 
proceeds Hence we may conclude that m all probability it 
was casein, and that the first stage in the action of pepsin upon 
globin caseinate is to decompose it into its components — globin 
and casein — ^which subsequently undergo hydrolysis separately 
The globin caseinate digest, after twenty-four hours’ digestion, 
contained no casein either combined or uncombmed with globin, 
as it yielded no precipitate on boiling 
The following table of comparative precipitation reactions dis- 
plays certain respects in which the behavior of globin caseinate 
resembles or differs from that of casein or of globin The solutions 
employed w’ere all 2 per cent solutions in -ft KOH A -f indicates 
precipitation (or coagulation) and a 0 indicates no precipitation or 
coagulation 


BEAOENT 

OLOBIK 

OlOBJN 

CASCIKATE 

CA8EIS 

Dilute acetic acid (cold) 

0 

0 

+ 

Dilute acetic acid (boiling) 

0 

-b 

+ 

Half saturated Am.SOj 

+ 

+ 

+ 

Four volumes of absolute alcohol 

0 

0 

0 

Trichloracetic acid 

4- 

+ 

+ 

5 per cent NaCl 

0 

0 

0 

Half saturated Na SO 4 

0 

0 

0 

Saturated NaCl 

-1- 

+ 

0 

(-)- on heat 
ing in the 

presence 
of excess 
of the salt) 


I prepared 2 per cent and 1 per cent solutions of globin caseinate 
in KOH and determined the refractivities of these solutions ma 
of ^ KOH at 16° m a Pulfrich refractometer, readmfe to within 
1' of the angle of total reflection A sodium flame was the 
of light The following were the results obtained The 
headed a are calculated from the formula n — n\ = 0 . Y. c, 

Lubavin Hoppe-Seyler’s Med-Chem Untersuch , Berlin, 

A. Kossel Verhandl d Berl physiol Gesellsch , Arch f (Ana u 
189V, p 181, T Brailsford Robertson this Journal, ui, p 95, 1901 
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n IS the refractive index of the solution, Wi that of the solvent and 
c IS the percentage of protein in the solution 


SOLUTION 

n *= REFRACnVB INDEX 
OP SOLUTION AT 16* C 

0 

■nrKOH 

1 per cent globm casemate 

2 per cent globm caseinate 

1 33552 

1 33711 

1 33879 

0 00159 
0 00164 

0 00008 
=1= 0 00004 


A duplicate set of determinations 3 aelded identical results 


In order to assign to each observation its due weight in deter- 
mining the average value of a for each of these preparations, it is 
necessary to add together the observed values of n — ni for the 
two solutions and divide this sum by the sum of the concentrations 
employed ( = 3) Proceeding m this way we obtain 

0 = 0 00162 ± 0 00005 

Now the value of a (= change in refractive index of solvent 
due to 1 per cent of protem) for casern is 0 00152,^® while the value 
of a for globin is 0 00169 Hence if the refractivity per gram per 
100 cc of solution of globm caseinate were the algebraic sum of the 
separate refractmties of its components, since, as we have seen, 
globm caseinate contains 34 5 per cent of casein, the value of a 
for globm caseinate should be 

34 5 X 0 00152 65 5 X 0 00169 ^ ^ 

100 

which IS identical, within the expenmental error, with the value 
expenmentally ascertained 

I have elsewhere shown^^ that the refractmty of the mixed 
(or combined) proteins of blood sera is equal to the sum of the 
refractmties of the separate constituent proteins, and, as I have 
stated, there is much reason to believe that these proteins are 
bound together to form a compound protem complex We may 

** T Brailsford Robertson Die phystkahsche Chemiedcr Proieine, Dres 
den, 1912, Chapter 13 

T Brailsford Robertson Journ of Physical Chem , xiii, p 469, 1909 
T Brailsford Robertson this Journal, xiii, p 462, 1913 
T Brailsford Robertson this Journal, ix, p 179 1912 
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therefore conclude that the refraclimty of a compound protein is an 
additive function of the refrachinhes of its components 

CONCLUSIONS 

1 Globm casemate may be prepared by mixing two parts by 
weight of globm with one part by weight of casern, each in faintly 
alkaline solution 

2 Globm casemate in aqueous solution displays properties 
intermediate between those of globm and casein, indicating that 
the acid function of globm is enhanced by umon with casein and 
the basic function of casein by umon with globm 

3 Globm caseinate is not decomposed by dilute acetic acid in 
the cold It is decomposed into globm caseinate by the action of 
boilmg dilute acetic acid or by a brief action of pepsin in the pres- 
ence of dilute acetic acid 

4 The change m the refractive index of ty KOH due to the 

introduction of 1 per cent of globm caseinate is 0 00162 0 00005 

5 The refractmty of a compound protein is an additive func- 
tion of the refractmties of its components 
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THIRD PAPER 

Bt P A LEVENE and F B La FORGE 
{From the Laboratories of the Rockefeller Institute for Medical Research, 

New York ) 

(Received for publication, December 4, 1912 ) 

It was demonstrated through the work of Levene and Jacobs* 
that, compared with purine nbosides, the pyrimidme ribosides 
possessed a much higher resistance towards the hydrolytic action 
of mineral acids, and on the basis of this property a method was 
devised for the isolation of pynmidme bodies It was later shown 
by Levene and Medigreceanu^ that a similar difference existed be- 
tween the two classes of ribosides in regard to their behavior 
towards certam enzymes Thus it was found that nucleosidases, 
which hydrolyzed the purine derivatives, remained without ac- 
tion on the pynmidme bodies In a previous work by® the 
present wnters the fact was brought to light that the difference m 
the behavior of the two classes of substances towards dilute min- 
eral acids can be removed by the reduction of the pyrimidme base 
m the pentoside to the corresponding dihydropynmidme Thus, 
while undine was resistant. to boilmg with dilute aqueous mineral 
acids, dihydro-undme behaved under these conditions sirmlarly to 
mosme, or adenosine, or to any other glucoside 

NH-CO-NH 

H H H I I 

CHj (OH) C-C-C-CH-C = CH-CO 
I OH OH I 

I o ' 

Undine, 

non-hydrolyzable bv dilute acids 


' Levene and Jacobs Ber d deutsch, chem Gesellsch \liii, p 3150, 1910 
’ Levene and Medigreceanu this Journal, i\, p 65, 1911, i\ p 389, 1911 
’ Levene and La Forge Ber d deutsch chem Gesellsch , \lv, p 60S, 1912 
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On Nucleases 


NH CO NH 
H H H 1 1 

CH, (OH)-C-C-C-CH- CH-CHj-CO 
1 OH OH j 
I 0 

Dihj dro-imdine, 
hydrolyzable 

Thus, dihydro-uridine was shown to possess a chemical structure 
in ever}' way analogous to other nucleosides, and hence presented 
a convement medium for the study of the specificity of nucleo- 
sidases Thus, if it were possible to find tissue extracts which 
would hydrolyze the nucleosides of one group and failed to decom- 
pose the substances of the other group, this find would contam the 
proof of the existence of specific enzymes capable of acting on 
nucleosides of only one definite group In reality it was found 
that the tissue that possessed the most pronounced action on the 
purme nucleosides remained without action on dihydro-undme, and 
as yet it is impossible to find an enzyme capable of hydrolyzing 
either the original undine, or dihydro-undine Hence, the mech- 
anism by which the organism bnngs about the dissolution of 
pynmidine nucleosides is as yet undiscovered, but it is made cer- 
tain that individual nucleosidases possess a limited specific activity 

EXPEOTMENTAU P.UIT 

In the expenments here recorded the extract of the mtestmal 
mucosa w'as used as an enzyme solution It was prepared m the 
manner desenbed m the papers by Levene and Medigreceanu 
The activity of the extract was tested on adenosme solution and 
on dihydro-undme The presence or absence of hydrolysis was 
ascertained by the changes in the optical activity of the solution 
m different mtervals after the beginning of the expenment and by 
the power of the reaction product to reduce Fehlmg’s solution 
The solutions of enzyme and nucleoside were made up to con- 
tain one per cent of Henderson’s phosphate mixture 
Toluene was used as antiseptic m all expenments 
Expenvicnt 1 (a) About 0 4 gram of dihydro-undme was is 
solved m 7 0 cc of water, 1 0 cc of a 10 per cent Hendereon^s 
phosphate mixture and 2 0 cc of the enzyme solution were a e 
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Original rotation, [q:]„ = —0 50° 

After 24 hours, [aj„ = —0 50° 

(b) 4 0 cc of a cold saturated aqueous solution of adenosine 
were diluted with 0 5 cc of a 10 per cent phosphate mixture and 

0 5 cc of the enzyme solution. 

Initial rotation, [ajo = —0 45° 

After 24 hours, (ajo = —0 20° 

(c) 1 0 CC of Henderson’s phosphate solution + 2 cc of en- 
zyme solution and 7 cc of water 

Initial rotation, [a]o = +0 05° 

After 24 hours, [otln = +0 05“ 

The dihydro-uridine solution gave very slight reduction on pro- 
longed boihng with Fehlmg’s solution An increase m the reduc- 
ing power at the end of the expenment could not be noticed The 
adenosme solution showed no reduction at the begmmng of the ex- 
penment and a marked reduction at the end 

The enzyme solution had no reducing power 

Expenment 2 (a) To 5 cc of a 25 per cent solution of dihydro- 
uridme was added 0 5 cc of the enzyme solution 

Initial rotation, «!>= —3 82 (=“=0 02) 

After 48 hours, qtd = —3 88 (=*=0 02) 

(b) Enzyme solution did not possess any appreciable optical 
activity 

(c) About 1 0 gram of adenosme was suspended in 20 0 cc of 

1 per cent phosphate nuxture and 2 0 cc of enzyme solution, 
since a part remained insoluble it was not possible to measure the 
optical rotation of the substance The action of the enzyme solu- 
tion on adenosine was ascertained by the reducing power of the 
solution on Fehhng’s solution 

The dihydro-undine showed no change m reduemg power be- 
fore and after enz 3 Tne action 

Adenosme solution possessed no reducing power on Fehhng’s 
solution at the begmmng of the expenment and a veiy marked 
reduction after forty-eight hours 

The enzyme solution showed no reducing power either at the 
beginning or at the end of the expenment 




THE BIOCHEMISTRY OF THE FEMALE GENITALIA 

n THE LIPINS OF THE OVARY AND CORPUS LUTEUM OF THE 
PREGNANT AND NON-PREGNANT COW » 

By JACOB ROSENBLOOM 

{From the Laboratory of Biochemistry of the University of Pittsburgh, 
Pittsburgh, Pa *) 

(Received for publication, December 4, 1912 ) 

Introduction The biochemistry of the female gemtaha is a 
subject of which practically nothing is known This paper con- 
tains the data of a study of the hpins of the ovary and of the 
corpus luteum of the cow in pregnant and non-pregnant condi- 
tions 

Methods The desiccation of the matenal, extraction of the 
lipins and the chemical analyses were earned out according to 
the methods desenbed m a former paper^ with the addition that 
the cholesterol and cholesterol esters were determmed by the 
excellent method of Wmdaus 

The table on the following page contains the results obtained 
in this mvestigation 

Conclusions 1 Data are presented showing the percentages of 
hpins, phospho-hpins, neutral fat, fatty acids and cholesterol in the 
ovary and corpus luteum of the cow in the non-pregnant state and 
in the pregnant state 

2 The results mdicate that there is practically no increase in 
the above mentioned substances dunng pregnancy in the cow 


’A preliminary account of the investigation was published in Science, 
xxxiv, p 222, 1911, Biochem Bull , i, p 115, 1911 

‘ Most of the analytic data presented in this paper were obtained while 
working in the Laboratory of Biological Chemistry of Columbia University 
at the College of Phjsicians and Surgeons 

* Hanes and Rosenbloom Journ of Exp hied , \iii, p 355, 1911 
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Table showing Itpin composition of ovary and corpus luleum of the pregnant and non-pregnant cow 












































THE FATE OF PROLINE IN THE ANIMAL BODY. 

H D DAiaN 

{From the Herler Laboratory, New York ) 

(Received for publication, December 9, 1912 ) 

Since nothing appeared to be known as to the fate of proline 
in the animal body, it seemed desirable to make some experiments 
m the hope that some hght might be thrown upon the changes 
which this ammo-acid may undergo 

As a first step in the investigation, observations were made on 
the behavior of proline when added to blood used for perfusing a 
survivmg dog’s liver, usmg essentially the method which has been 
so successfully applied by Embden, and secondly, an examination 
was made of the influence of prolme on the glycosuria and acidosis 
of dogs under the influence of phlorhizin 

Prolme, when added to blood used for perfusmg a survivmg 
dog’s liver, leads to no mcrease in the normal formation of aceto- 
acetic acid, nor is the acetoacetic acid excretion of glycosuric ani- 
mals markedly increased by the adnumstration of prohne It is 
clear, therefore, that prohne is not to be classed with phenylala- 
mne, tyrosme or leucine m having acetoacetic acid for a common 
catabolic path 

On the other hand, admimstrations of prolme to the glycosuric 
animal was found to result in a marked increase m sugar output, 
so that it would appear that prolme should be grouped with glu- 
tamic and aspartic acids, alanme and glycine, all of which have 
been shown by Lusk,i Ringer and others to be capable of furnish- 
ing glucose 

The formation of glucose from prohne must necessarily mvolve 
disruption of the ring and it is of interest to recall the similarity 
in structure of the aimno-acids, prolme, glutamic acid and orm- 

1 Zextschr f physiol Chem , Kvi, p 106, 1910 



514 Fate of Proline in the Animal Body 

thine, each of Inch has fi\ e carbon atoms Glutamic acid has 
been shoira by Lusk to be capable of sugar formation m the glj co- 
suric animal and preliminary experiments by the writer indicate 
that argimne and hence ormthine also possesses this property It 
would appear, therefore, that these three ammo-acids are closely 
related both structurally and m the changes they may undergo 
in the ammal body 


CH 

CH NH- 
1 

COOH 

1 

CH 

1 

CH. 

1 

CHj 

1 ^NH 

1 

1 

CHy/ 

CH. 

1 

CH 

1 

CH 

1 

CH NH 

1 

1 

CHNH. 

1 

COOH 

1 

COOH 

1 

COOH 

Prolme 

Ornithine 

Glutamic Acid 


Lwcr ■perfusion experiments 

The prolme used in the following experiments was obtained 
from gelatin in the usual way It was purified by repeated solu- 
tion m alcohol, conversion into the crj'stallme copper salt and 
decomposition of the latter with sulphuretted hydrogen, foUoived 
by careful recrystalhzation About two-thirds of the product was 
the racemic variety and one-third optically active 

The experiments on the effect of adding prolme to blood used 
for perfusion of a surviving liver were made m the same nay as 
in the case of experiments previously reported - 


ADDED BDB8TANCE 

WEIGHT Of 
DOG 

10LDMB OF 
PETIFUBION 
FETTID 

TIME or 
PERFUSION 

ACFTO ACETIC 

acid rOEMED 


kQm 

CC 



2 grams prolme 

9 

950 

45 

49 

2 grams prolme 

11 5 

1000 

50 

44 


11 

1000 

50 

51 


• Average of several cxperlmenta 


- This Journal, ix, p 139, 1911 
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Experiments with diabetic animals 

The customary experimental conditions carefully worked out by 
Lusk, m which a starving dog, rendered as free from glycogen as 
possible, is made fully diabetic bj’^ the admimstration every eight 
hours of phlorhizin dissolved in sodium carbonate, were not 
chosen for the following experiments The reason for this is that 
a markedly increased acetoacetic acid excretion is apt to follow 
immediately the administration of the alkaline phlorhizin solu- 
tion This acetoacetic acid excretion may almost completely dis- 
appear after a couple of hours and then reappear on a subsequent 
injection of the alkaline solution This tends to make the aceto- 
acetic acid output irregular 

More suitable experimental conditions seemed to be offered by 
the method of phlorhizin administration described by Coolen® to 
which my attention was drawn by Professor Lusk It is found 
that if a single gram of finely powdered phlorhizin suspended in 
7-8 cc of olive oil be injected aseptically under the skin of a dog, 
a glycosuria of remarkable intensity and duration is produced 
In the starving ammal a Dextrose Nitrogen ratio of approxi- 
mately 3 IS qiuckly established and remains substantially constant 
for several days 

A convenient method of experimenting appears to be as follows 
A dog is given a gram of phlorhizin m olive oil and starved for 
forty-eight hours A second gram of phlorhizin is then given and 
a trial determination of the D N ratio is subsequently made 
A third gram of phlorhizm is then given on the following day and 
the urine for the “fore-penod” is then collected by catheter, 
washing the bladder out with warm 2 per cent boric acid solution 
It IS essential that the D N ratio of this urine should not vary 
greatly from the prelimmary trial, as it is useless to proceed with 
the admimstration of the ammo-acid until a constant ratio has 
been established The prolme in each case was admmistered by 
subcutaneous injection of a concentrated aqueous solution 

The acetoacetic acid and acetone estimations were made by the 
customary iodine method Glucose ivas determined by the gravi- 
metric Pehling method and the results confirmed by polarimetric 
observation 


Arch de pharmacodynaviie, 1 , p 267, 1895 
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Experiment I Weight of dog, 10 Igms 


PERIOD 

j HOURS 

1 

i 

TOTAL 

MTEOOEV 

GLUCOSE 

RATIO 

Pi 

ACETO- 
ACETIC ACID 
IVCLUDIVO ; 
ACETOVE 

BUBSTA’fCE OrVES 





3 04 


1 gram phlorhizm 

II 

16 

6 5 

21 20 

3 14 

0 072 

1 gram phlorhizm 







[ 10 2 gms prohne 

III 

12 

6 94 

26 13 

3 76 

0 042 

1 = 1 24 gm X 







[igm phlorhizm 

IV 

12 

6 44 

20 13 

3 13 

0 103 



Experiment II Weight of dog, 6 )^ms 


I 

1 1 



2 80 


1 gram phlorhizm 

II 

12 

2 73 

7 28 

2 67 

0 302 

1 gram phlorhizm 
flOOSgm prolme 

III 

16 

4 11 

14 62 1 

3 55 

0 348 

1 = 1 22 gm N 
[ 1 gm phlorhizm 

IV 

V 

12 

2 47 

6 8S 

2 79 

2 59 

0 475 

1 



In the first experiment, adoptmg a D N ratio of 3 1, it is 
found that usmg Lusk’s method of calculation, an extra glucose 
excretion of about 8 grams was observed to follow the admuus- 
tration of 10 2 grams of prohne In the second experiment, adopt- 
mg D N = 2 7, 10 03 grams prohne gave "extra glucose’’ cor- 
responding to about 7 grams Lusk^ found an excretion of 13 
grams of glucose to follow the admmistration of 20 grams of 
glutammic acid, so that it would appear that a molecule of glu- 
tamic acid or prohne may furnish approximately the same amount 
of glucose 


‘ Amer Journ of Physiol , xxii, p 176, 1908 


















SEASONAL VARIATION IN THE IODINE CONTENT 
OF THE THYROID GLAND' 

BY ATHERTON SEIDELL and FREDERIC FENCER 

(From the Hygienic Laboratory, U S Public Health Service, Washington, 
D C , and the Research Laboratory in Organotherapeutics, 

Armour and Company, Chicago, III ) 

(Received for publication, December 10, 1912 ) 

The numerous results which have so far been pubhshed upon 
the lodme content of the thyroid gland indicate a very consider- 
able mdmdual variation among animals even of the same species 
It would therefore be expected that a seasonal variation m the 
lodme content could not readily be detected by analyzing com- 
posite samples of glands from a linuted number of animals col- 
lected at vanous seasons of the year In fact expenments along 
this Ime made by one of us'' using thyroids from dogs and from 
sheep confirmed this conclusion More recent determinations 
given m a paper by N H Martin® have shown that composite 
samples of thyroids collected throughout the year from sheep 
slaughtered at Newcastle-on-Tyne, England, varied comparatively 
httle m their content of lodme A stnkmg feature of the results 
however was the umformly small size of the glands and the rela- 
tively high percentage of iodine 

* 

1 The results described in this paper are the outcome of an effort which 
was inaugurated by Dr Reid Hunt of the Hygiemc Laboratory to fix a 
standard for thyroid used in medicine This need has been recogmzed bj 
the Committee of Revision of the Pharmacopoeia and so far a tentative 
description of this product and a proposed iodine content of 0 2 per cent 
has been adopted In gathering data for this proposed pharmacopoeial 
description several manufacturers generously supplied samples and infor- 
mation regarding the preparation of their products Additional points 
arose and it appeared desirable to obtain further data upon the thjnroid, 
particularly of animals other than sheep Towards this end, therefore, 
cooperation between Armour and Company and the Hygienic Laboratory 
was secured and the results presented in the following pages were obtained 
’ Seidell this Journal, x, p 95, 1911 
“ Brit and Colonial Druggist, Kii, p 99, 1912 
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The experiments to be described m this paper were undertaken 
particularly to ascertain the extent of the variation in the iodine 
content of composite samples of the thyroids of animals used as 
food by man, rather than with the expectation of finding a sea- 
sonal regularity in this variation The need of data of this char- 
acter IS evident smce m the production of a thyroid preparation 
of constant physiological activity a knowledge of the variation in 
the iodine content of the th 3 Toid glands whieh constitute the 
raw material for the manufacture of the drug is essential Among 
other things, the results here shown demonstrate that a contmued 
restriction of the source of pharmacopoeial desiccated thyroid to 
the glands of the sheep would make practically impossible the 
production m the Umted States of a drug of 0 2 per cent lodme 
content for all but a short period of the year 
The samples which furmsh the matenal for the present paper 
were prepared from thyroid glands obtained m all cases from 
ammals shipped to the Umon Stock Yards m Chicago from prac- 
tically all parts of the United States except the eastern and south- 
eastern States In this way it can be mferred that local mfluences 
have been eliminated to a very large extent and the samples 
represent the average jneld of nearly the whole country The col- 
lection of the raw material and the preparation of the samples 
from it was carried out under the personal supervision of one of 
the v riters in the following manner About 2 5 pounds of healthy 
normal sized glands from adult sheep, beef and hogs i\ ere collected 
on Tuesda 3 ’^s and Thursdays of each week and stored at freezing 
temperature At the end of two weeks the combined approxi- ^ 
mately 10-pound sample of glands from each of the three species 
of ammals was freed from connective and other tissue by care- 


fullj’’ trimming the individual glands by hand The matenal was 
then finelj" minced and dried to constant weight at 50°C on 
agate-ware trays Grease was then removed by extraction with 
petroleum ether in a Soxhlet apparatus and the sample ground 


to a fine powder The first eight samples of each series were 
ground by hand in a Wedgew'ood mortar to pass a 40-mesh sieve 
All the other samples were ground in a small ball mill to pass a 
100-mesh sieve Of the thoroughly mixed powder composing eac 
sample two portions of about 25 grams each were withdrawn, 
one to be retained m Chicago for analysis and one sent to t e 
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Hygienic Laboratory in Washington The determinations of the 
lodme were made by the one of us in Chicago from time to time 
as the samples were collected and independently by the other m 
Washmgton after all of the samples had been received The 
Hunter^ method was used for both sets of determinations and the 
results which were obtamed m each case were not communicated 
to the other party until both sets of determmations had been 

TABLE I 


Sheep thyroids Showing the percentage of iodine and moisture in dried thyroid 
glands of the sheep collected at bi-iveekly periods during one year 


8A.MPLE NO AND HID DATE 

or rra bi wefkdy col- 

PER CENT or IODINE A8 
DETERMINED BT 

PER CENT 
UOI3TDRB LOST 

PER CENT 
IODINE CALCXJ- 

LECTION FEBIOD 

Seidell 

Fenger 

IT 97 6" 

BABI8 

1911 

1 September 1 

0 133 

0 14 

3 37 

0 138 

2 September 16 

0 148 

0 16 

4 29 

0 155 

3 October 1 

0 178 

0 22 

2 50 

0 183 

4 October 14 

0 181 

0 19 

2 20 

0 185 

5 October 28 

0 211 

0 24 

3 53 

0 219 

6 November 11 

0 235 

0 26 

8 34 

0 257 

7 November 25 

0 219 

0 25 

7 85 

0 238 

8 December 10 

0 176 

0 19 

6 98 

0 189 

9 December 24 

0 196 

0 20 

6 70 

0 210 

1912 

10 January 7 

0 160 

0 17 

8 33 

0 181 

11 January 21 

0 112 

0 12 

9 13 

0 123 

12 February 4 

0 123 

0 12 

8 53 

0 134 

13 February 18 

0 160 

0 14 

1 67 

0 163 

14 March 3 

0 044 

0 04 

7 84 

0 048 

15 March 17 

0 104 

0 11 

3 30 

0 108 

lb March 31 

0 092 

0 10 

0 87 

0 093 

17 April 14 

0 062 

0 06 

8 78 

0 068 

18 April 28 

0 083 

0 08 

1 05 

0 089 

19 May 12 

0 065 

0 07 

9 23 

0 072 

20 May 26 

0 038 

0 04 

8 86 

0 042 

21 June 9 

0 130 

0 13 

9 58 

0 144 

22 June 23 

0 249 

0 24 

10 54 

0 278 

23 July 7 

0 294 

0 30 

12 34 

0 335 

24 Julj 21 

0 188 

0 19 

14 75 

0 221 

25 August 4 

0 185 

0 19 

11 27 

0 209 

26 August 18 

0 235 

0 23 

10 43 

0 262 


A Hunter this Journal, vii, pp 321-349, 1910 
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TABLE n 


Beef thyroids Showing the percentage of iodine and moisture in dried thyroid 
glands of the heef collected at bi-weekly periods during one year 


SAMPLE NO AND MID DATE 
OF ITS BI WEEKLY COIy- 

PER CENT or IODINE AS 
DETERMINED BY 

PER CENT 
MOISTURE LOST 

PER CENT 
IODINE CALCU 

LECTION PERIOD 

Seidell 

Fenecr 

AT 97 5* 

BABtS 

mi 

1 September 1 

0 277 

0 30 

3 16 

0 286 

2 September 16 

0 307 

0 31 

2 05 

0 314 

3 October 1 

0 240 

0 25 

0 66 

0 242 

4 October 14 

0 327 

0 36 

2 34 

0 335 

5 October 28 

0 303 

0 35 

1 40 

0 308 

6 November 11 

0 332 

0 35 

8 15 

0 361 

7 November 25 

0 225 

0 25 

7 24 

0 243 

8 December 10 

0 200 

0 22 

7 80 

0 217 

9 December 24 

0 123 

0 14 

6 15 

0 131 

1912 

10 January 7 

0 101 

0 11 

7 69 

0 109 

11 January 21 

0 045 

0 04 

9 44 

0 050 

12 February 4 

0 026 

0 03 

8 41 

0 028 

13 February 18 

0 107 

0 10 

0 80 

0 lOS 

14 March 3 

0 053 

0 05 

7 63 

0 058 

15 March 17 

0 038 

0 04 

3 88 

owo 

16 March 31 

0 059 

0 06 

1 38 

0 060 

17 April 14 

0 068 

0 OS 

9 71 

0 075 

18 April 28 

0 069 

0 07 

3 14 

0 071 

1^ May 12 

0 072 

0 08 

9 33 

0 079 

20 May 26 

0 095 

0 10 

10 42 

0 106 

21 June 9 

0 130 

0 14 

10 58 

0 145 

22 June 23 

0 170 

0 19 

11 17 

0 192 

23 July 7 

0 288 

0 29 

13 38 

0 332 

24 July 21 

0 298 

0 30 

11 12 

0 

25 August 4 

0 267 

0 27 

13 48 

0 308 

0 347 

26 August 18 

0 310 

0 31 

10 61 


completed The duplicate senes of results are given in tab es , 
II and III and they furnish very gratifying evidence of the re i 
abihty of the Hunter method when applied mdependently y 
analysts to quite a large number of samples It will be no 
that vanations of more than 0 02 per cent iodine occur 
the first eight samples of each series An explanation o 
cases appears to be that these samples as mentioned 
coarsely ground and all the others were very finely groun 
certainly most thoroughly mixed 
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TABLE III 


Hog thyroids Showing the percentage of iodine and moisture in dried thyroid 
glands of the hog collected at bi-weekly periods during one year 


SAMPLE NO AND MID DATE , 
or ITS BI V, EFKLY COL- i 

PER cent op iodine AS 
DETERMINED BT 

PER CENT 
MOISTURE LOST 

PER CENT 
IODINE CALCU- 


LECTION PERIOD 

Seidell 

1 Fenger 

AT 97 5 

BASIS 

1 

1911 

September 1 

0 528 

m 

0 55 

0 531 

2 

September 16 

0 434 


1 20 

0 440 

3 

October 1 

0 416 

0 45 

0 50 

0 418 

4 

October 14 

0 411 

0 44 

3 83 

0 428 

6 

October 28 

0 381 

0 41 

0 90 

0 385 

6 

November 11 

0 273 

0 30 

11 34 

0 308 

7 

November 25 

0 318 

0 34 

7 74 

0 344 

8 

December 10 

0 305 

0 33 

6 99 

0 328 

9 

December 24 

0 337 

0 34 

7 00 

0 362 

10 

ms 

January 7 

0 275 

0 29 

7 70 

0 298 

11 

January 21 

0 165 

0 19 

8 40 

0 180 

12 

February 4 

0 173 

0 18 

8 95 

0 190 

13 

February 18 

0 219 

0 21 

2 23 

0 224 

14 

March 3 

0 147 

0 16 

8 15 

0 160 

15 

March 17 

0 125 

0 12 

3 76 

0 133 

16 

March 31 

0 188 

0 20 

1 07 

0 190 

17 

April 14 

0 232 

0 23 

8 46 

0 254 

18 

April 28 

0 255 

0 26 

1 37 

0 259 

19 

May 12 

0 244 

0 25 

8 78 

0 268 

20 

May 26 

0 285 

0 28 

10 82 

0 320 

21 

June 9 

0 294 

0 31 

10 28 

0 328 

22 

June 23 

0 344 

0 35 

11 92 

0 391 

23 

July 7 

0 341 

0 34 

11 49 

0 385 

24 

July 21 

0 301 

1 0 31 

10 21 

0 335 

25 

August 4 

0 398 

0 39 

13 97 

0 463 

26 

August 18 

0 381 

0 41 

11 01 

0 428 


Before discussing the results of the iodine determinations in the 
samples, the followmg data upon the weight and size of the glands 
at the various seasons should be given At the beginning of the 
expenment there were no particular reasons for suspectmg a sea- 
sonal variation m the size of the gland, consequently the weights 
and number of glands in the several lots prepared for the lodme 
determmations were not taken The averages here shown are 
therefore based upon figures obtained from time to time by count- 
ing out and weighing certam numbers of glands These results 
are as follows 
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ANOIAL 

ATEIIAOE WEIGHT IN GRAMS PER SINGLE 

TnTHOlD GLANP COLLECTED IN 

Summer and Fall 

Winter and Spring 

Sheep 

6 5 

8 5 

Beef 

25 0 

60 0 

Hog 

9 0 

9 0 


By comparison of the above results for sheep and beef glands 
with the diagram showing the seasonal variation m iodine con- 
tent it will be seen that for the portion of the year dunng which 
the lodme content is lowest, namely, December to May, the size 
of the gland is greatest It therefore follows that this seasonal 
change m lodme content and size of the glands accords with the 
frequently made observation that in general an mverse proportion 
exists between the size of the glands and the lodme content 
An examination of the results as recorded m the accompanying 
tables and diagram shows that, although fluctuations from a regu- 
lar trend of seasonal change occur, these are small m companson 
with the total differences in iodine content between the high and 
low season Furthermore, the results show that the seasonal van 
ation nearly comcides m the three species of ammals studied 
The average lodme content for the months of June to November 
IS in general about three times that for the months of December 
to May The maximum and mimmum date for each of the three 
ammals can not be selected with certainty, but in so far as can 
be judged from the diagram the high pomt for the hog comes 
flrst, that is early m September, for the beef it is early m October 
and for the sheep early in November The fluctuations from t e 
regularity of the curves are no doubt due largely to the individua 
vanations m sex, age, diet, etc , among the animals, the thyroi 
glands of which form the composite sample m each case 

In a study of this kmd it is mamfestly impossible to follow e 
change in iodine content which takes place from month to 
in the thyroid of an individual ammal The best that can ^ 
done IS to use large numbers of animals and ascertam the avera^ 
iodine content at a particular period of the year This, 
involves averaging the very wide individual variations w ic 
known to occur Hence to overcome the effect of the in 
variations it is necessary to use very large numbers o am 
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Results obtained in this ivay can at best show only a general 
average change which takes place, and the extent of the elimina- 
tion of fluctuations will depend largelj' upon the numher of glanrli; 
represented by each composite sample In the present expen- 
ment, m which 10 pounds of fresh glands were used for each 
sample, it appears that the divergence of the several pomts from 
the smooth cun'es, which were drawn as nearly as possible to 
represent the average of all the points m each senes, is about as 
great m one case as m another Since the total weight of glands 
was approximate^ the same for each sample, and the average 
weight of the mdindual glands from the three animals vaned, 
the actual number of animals represented by each sample evi- 
dently differed considerably, bemg greatest with the sheep and 
least with the beef This would therefore mdicate that smce the 
averages of a smaller number of beef glands showed no greater 
fluctuations than the averages of a larger number of sheep glands, 
the mdivndual vanation among sheep glands is probably some- 
what greater than among the beef glands, but this point can of 
course not be definite^' concluded 

For the sake of comparison the results communicated bj ^lar- 
tm® are also shown m the diagram and it will be noted that even 
with these there is a famt mdication of a seasonal variation m 
harmony with the results upon Amencan animals In the case of 
the Enghsh sheep it is seen that the percentage of lodme dunng 
the whole year is much above that for the Umted States sheep 
ev'en for the portion of the year dunng which it is highest It 
may therefore be concluded that the geographical or climatic con- 
ditions which are the apparent cause of the high lodme content 
of the thyroid of Enghsh sheep are of suflScient mtensity to over 
come almost entirely the tendency towards the dimmuhon 0 
lodme content at the particular season of the 3- ear at whic a 
lowered lodme content is shown by the present data to occur m 
the Umted States 

The determmation of the moisture and ash m the present senes 
of samples was made as follows One gram of each samp e 
placed m a weighed porcelam crucible of about 15 cc capaci , , 
and the whole series of samples dned m a water bath at appro 
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mately 97 5°C for fifteen hours It was shown by separate expen- 
ments that even less than this length of time was sufficient to 
dry th 3 Toid samples to constant weight The loss m weight hav- 
mg been ascertamed and calculated as moisture, the crucibles 
were placed, m groups of 10 each, m a small muffle furnace pre- 
viously heated to redness The complete incineration of the 
orgamc matter reqmred about one half an hour 

In regard to the variations in the percentage of moisture as 
shown m the tables, it should be mentioned that durmg the prep- 
aration of the samples it became necessary to store qmte a few 
of the sets m covered tm pails after extractmg the fat and before 
powdermg This coarse and very porous material evidently 
reabsorbed moisture while standmg in the pads and retained it 
durmg the grindmg 

The individual ash determinations are not reported herewith since it 
was found that sihcious material worn from the inner surface of the ball 
mill was present in the inorganie residues obtained The proportion of ash 
varied with the time of grinding necessary to reduce the samples to powder 
of the requisite fineness Analyses of it indicated the presence of more 
than 30 per cent of silica The results therefore do not show the true ash 
content of the several thyroids but only the inorganic content of material 
prepared under particular conditions In the case of the samples prepared 
between May 15 and July 15, it was necessary to discontinue the 6-hour day 
periods of grinding, and run the mill during the night for 15-hour periods 
These samples are therefore averaged separately and as compared with 
the averages obtained upon samples ground in a Wedgewood mortar, 
and in a ball mill for six hours, show strikingly the effect of the longer 
period of grinding 


Percenlage of ash 



ATERAOB OF 8 
SA&TPLES OBOOND 
IN WEDGEWOOD 
UOBTAR 1 

AVERAGE OF 23 
BAMPLE8 GROUND 
IN PORCELAIN 
BALL MILL FOR 6 
HOURS 

AVERAGE OF 6 
BAUPLES GROUND 

IN PORCELAIN 
BALL MILL FOB 15 
HOURB OB LONGER 


per cent 

per cent 

per cent 

Sheep thyroids 

3 11 

5 47 

12 82 

Beef thyroids 

3 32 

5 86 

8 40 

Hog thyroids 

2 69 

4 66 

6 58 
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. STTM&LAJIT 

It has been shown that a very marked seasonal variation exists 
m the percentage of iodine present in the healthy normal sized 
thyroid glands of the sheep, beef and hog There is m general 
about three times as much lodme present m the glands m the 
months between June and November as m the months between 
December and May 

A seasonal vanation m the size of the fresh glands was observed 
m the case of the sheep and beef but not with the hog The 
glands were found to be larger durmg the months m which the 
lower iodine content was observed 

The independent lodme determinations made upon this senes 
of samples furmsh gratifying evidence of the reliabihty of the 
Hunter method 

The mamtenance of a standard of 0 2 per cent iodine m desic- 
cated thyroid prepared for use m medicme will require the use 
of glands other than those of the sheep and, m addition, the mix- 
mg of the product obtained at the high and low seasons of the 
year 
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